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QUALITY — The demand for Electro- 
Tech Seismic Detectors has grown 
steadily . . . during the past 14 years 
more than 115,000 have been placed 
in service. 

Electro-Tech Recording Equipment 
(M-3 Seismic Amplifier, ER Oscillograph 
in 4, 6, 10 inch models) embodies the 
best features of design and construction 
resulting from many years’ experience 
and from outstanding geophysicists rep- 
resenting most of the major oil com- 
panies and seismograph contractors. 

Today, Electro-Tech equipment is used 
by more than 90% of the approximately 
700 operating crews. 


SERVICE~ Electro-Tech’s outstanding, 
world-wide service assures customer 
satisfaction. Competent personnel in 
field offices in Lafayette, Calgary, Glen- 
dale, Tokyo, London and Paris are ready 
to give prompt, economical service day 
or night. 

As new design principles are estab- 
lished in Electro-Tech instruments, these 
improvements are made to customers’ 
existing models at small cost. Thus, users 
of Electro-Tech equipment always have 
the advantage of the most advanced 
developments in instrumentation. 
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GEOPHYSICS 


TECHNICAL PAPERS 


GEOPHYSICAL AND GEOLOGICAL INVESTIGATIONS IN THE 
GULF OF MEXICO, PART I* 


MAURICE EWING, J. L. WORZELf, D. B. ERICSONT, anp BRUCE C. HEEZENT 


ABSTRACT 


In 1953 the research vessels VEMA and ATLANTIS spent about three weeks in the Gulf of Mexico. 
Coring, seismic refraction, and topographic studies were undertaken. The topography in the various 
physiographic provinces is illustrated ss reproductions of precision depth peesnds from the conti- 
nental shelf, continental slope, continental rise, and abyssz! plain areas. 

Many sediment cores longer than 30 ft were taken in the Gulf. An abrupt change separates ap- 
proximately three feet of Recent sediments from Wisconsin in all cores taken in depths greater than 
1700 fathoms. This change is very similar to one found in many Atlantic and Caribbean cores indi- 
cating an abrupt termination of the Wisconsin glacial epoch. Abundant evidence of turbidity current 
deposition was found in all cores from the abyssal plain and the continental rise. Deposition of sedi- 
ments in the unusually rough and broad continental slope area is apparently very rapid in the depres- 
sions and very slow on the elevations. 

The seismic results point to the southern half of the Gulf of Mexico as a typical oceanic area, 
modified by an increased load of sediments. A profound change near the continental slope is required 
for connecting this structure to typical continental structures. 


INTRODUCTION 


In May, 1953 the research vessels ATLANTIS and VEMA spent three weeks 
making geophysical and geological investigations in the Gulf of Mexico. Special 
emphasis was placed on refraction seismic measurements, piston coring, and pre- 
cision echo sounding. The present report is a preliminary interpretation of some 
of the results. 

The PDR (Luskin et al., 1953), a precision depth recorder which allows pre- 
cision and resolution not obtainable with standard models of depth recorders, 
was given its first extensive test during this cruise. A resolution of 1 fm in 3,000 
fm is possible with this machine. It was built primarily to study abyssal plains 
like that in the deepest part of the Gulf of Mexico, but it also gave excellent re- 
sults even on the roughest topography found along the entire track. 

The ships entered the Gulf of Mexico through the Yucatan Channel, crossed 
to Galveston by way of Campeche Bank and the Sigsbee Deep, and then, de- 
parted from the Gulf through the Straits of Florida, as shown in Figure r. 


* Presented at the Annual Meeting of the Society in St. Louis on April 15, 1954. Manuscript re- " 
ceived by the Editor, August 31, 1954. Lamont Geological Observatory Contribution No. 134. 
¢ Lamont Geological Observatory, Columbia University, Palisades, N. Y. 
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Fic. 2. Three topographic profiles across the Gulf of Mexico. 


those in the Bahamas, which Worzel et al. (1953) interpreted as non-tectonic on 
the basis of gravity data. The flat floor of this trough strongly suggests that it is 
being filled with turbidity current deposits, probably from a distant northerly 
source. Paul Weaver (personal communication) has pointed out the possible rela- 
. tion to faults inferred by Alvarez (1954) in the Rio Hondo area on the Mexico- 
British Honduras boundary. 

The Campeche escarpment starts at 600 fm and descends to liso 2,000 
fm at the abyssal plain. Figure 3 shows a profile from the foot of this escarpment 
on to the abyssal plain made up from three consecutive PDR records. Each 
original PDR record represents 200 fathoms of depth range on an 18-inch scale 
and progresses at the rate of 12 inches per hour. Near the top of the record op- 
posite the 1,800-fm depth mark is the outgoing signal, from which depths are 
measured. Near the bottom is the echo from the ocean floor. A suitable multiple of 
200 fathoms is always added to this reading. The small trench just off the escarp- 
ment is similar to one subsequently found off the Florida escarpment. Its full 
significance will not be clear unti) additional data are available. 
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Fic. 1. Base map showing course of cruise, core stations, and refraction lines. 


TOPOGRAPHY 


The Gulf may be divided into physiographic provinces (Fig. 1) which 
generally follow those described by Gealy (in press). These are based on morphol- 
ogy, not on absolute depth. They are (1) continental shelves (broad except for 
Cuba and parts of Mexico); (2) the continental slope including such diverse 
features as escarpments, broad hummocky areas, and trough areas; (3) the con- 
tinental rise which is characteristically quite smooth with a very gentle slope; 
and (4) the abyssal plain. Figure 2 shows three profiles compiled from PDR 
records. ‘Chey are drawn with a 40-to-1 vertical exaggeration, and the various 
physiographic provinces may be readily identified. Note the flat bottom of the 
trough just east of the location of Core #25 in the northwestern part of the Yuca- 
tan Channel. From Figure 1 it may be seen that this is a broad deep valley cutting 
about 50 miles into the edge of the Campeche Bank. Whether this trough is an 
erosional or a tectonic feature can only be decided after further evidence is avail- 
able. There are many points of similarity between the Campeche Bank, the West 
Florida Shelf, and the Bahamas Platform. This trough is apparently similar to 
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Fic. .5. Cross-section showing upper part of continental rise which joins Sigsbee Scarp at the 
base of the continental slope. 


the base of the continental slope. This scarp runs from a point south of Corpus 
Christi to the DeSoto Canyon with a possible interruption south of the Missis- 
sippi Delta (Gealy, in press; Jordan, 1951). On this profile the scarp drops from 
1,300 to 1,650 fathoms. On the crossing from Galveston to the Straits of Florida, 
the scarp drops from 700 to 1,200 fathoms. 

Figure 6 shows a typical section of the continental rise. This area is character- 
ized by a generally smooth bottom which is cut by an occasional small depression. 
Two or three of these depressions have been crossed so far in our work, but the 
data are insufficient to show whether they are canyons. 

The continental. slope, on the other hand, is highly irregular, as shown in 
Figure 7. Both the topography and the sedimentary studies suggest tectonic 
activity. The average gradient of this continental slope is 1-to-100, in contrast 
to the eastern continental slope of the United States where the average gradient 
is between 1-to-25 and 1-to-40. 

Figure 8 shows the edge of the continental shelf on three crossings south of 
Texas and Louisiana. In the example “South of Galveston” and “South of Morgan 
City” the break occurs rather sharply and is probably typical of the area. In other 
cases, as in the example “South of Lake Charles,” the break is complicated by 
the occurrence of a hill. 

In Figure g hills also appear farther back from the shelf break. It has been long 
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Fic, 3. Fathometer profile from the foot of the Campeche escarpment into the abyssal plain. 


ain is an extremely flat area, 
-to-7,000 for a distance of at least 25 miles. This is a typical abyssal 
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ABYSSAL PLAIN IN "SIGSBEE DEEP" 


Figure 5 is a section across the northern edge of the basin. It shows the upper 


part of the continental rise which joins the Sigsbee Scarp (Gealy, in press) at 
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plain, its flatness resulting from the sedimentary process which forms the plain. 
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Fic. 7. Cross-section of continental slope south of Lake Charles, La. 


taken and handled in such a manner as to preserve the topmost portion of the 
sediment in an undisturbed condition even when this is almost fluid. 

Figure 12 shows the section of cores that we shall discuss. Number 27, the 
one on the right-hand side, was taken on Campeche Bank in 180 feet (55 m) 
of water. It is 14 feet long. The top is composed of calcareous muddy sand which 
becomes coarser toward the bottom. Below about three feet, abundant coral and 


shell fragments are observed. This change we attribute to eustatic changes of : 
sea level. Two cores on Campeche Bank not shown in the profile are important: : 
Number 25, taken in 5,500 feet (1,690 meters) of water on the wall of the sub- 
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Fic. 6. Topographic profile showing continental rise north of abyssal plain. 


known that the outer shelf of the Gulf Coastal Plain is dotted with hills. These 
have been variously ascribed to salt domes or bioherms or both. 

Figure 10 shows one such feature which is interesting for the small protuber- 
ances on the side of the hill. These are real, but more evidence is needed to deter- 
mine their origin. A distinguishing feature of the continental shelf along these 
profiles is the smoothness of the inner part as compared to the outer part. Some 
hills on the outer shelf are only a few hundred feet across, while some are a mile 
or more, as shown in Figure 11. 


SEDIMENT CORES 


Figure 2 shows the location of the cores with respect to the topography on 
these courses. We shall discuss only the profile from Campeche to Galveston 
here; the others still are being studied. : 

We would like to emphasize that piston corers take undistorted and uncom- 
pressed sections, The average length of the cores that we have here is 19 feet, 
with a maximum of 33 feet. A trigger core is taken within a few feet of each pis- 
ton core. These trigger cores average about 15 centimeters in length. They are 
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Fic. 8, Fathometer profiles of edge of continental slope off various portions of Texas 
and Louisiana coasts. 
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Fic. 10. Fathometer profile showing 28-fathom bank near shelf break southeast of Galveston. 


= 
9 
SE 
ify 
f 
3 
SHELF BRE AK Wy 
¥ 250 
Fic. 9. Fathometer profile showing hills near the shelf break southeast of Galveston. — 3 
: 


10 MAURICE EWING, J. L. WORZEL, D. B. ERICSON, AND B. C. HEEZEN 


GULF OF MEXICO 


OUTER CONTINENTAL SHELF 
SE 


# 


INNER CONTINENTAL SHELF es 


2 3 4 5 6 


NAUTICAL MILES 


Fic. 11. Profiles showing contrast between smoothness of inner continental shelf and 
hilliness of outer continental shelf. 


marine canyon previously mentioned, is 6} feet (200 centimeters) long and has 
54 feet of Globigerina ooze with recent foraminifera on top. Under a sharp con- 
tact we find a cream-colored calcareous lutite with Miocene microfauna and very 
abundant discoasters. Since there are no cool-water fauna above the Miocene, 
we conclude all material above this was removed sometime after the close of the 
Wisconsin. In a nearby core, Number 26, not in the canyon, some 1,500 feet 
higher in four thousand feet of water, we find a cool-water fauna 20 centimeters 
from the top, and a recurrence of warm-water fauna two hundred centimeters 
from the top. There are no discontinuities discernible. We conclude the latter core 
shows continuous deposition since the Sangamon interglacial time, with no evi- 
dence of erosion. The erosion recorded in core number 25 could not have been 
sub-aerial, since no similar erosional period is evident in core number 26. 

Cores 30-35 were in the Sigsbee Deep and in the abyssal plain. The top is 
composed of a brown foraminiferal lutite 25-40 centimeters thick which contains 
Globorotalia menardit in abundance. This overlies a nearly white calcareous lutite 
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Fic. 12. Sections of typical Gulf of Mexico cores from various physiographic provinces. 


with foraminifera similar to those of the top section. The nearly white lutite con- 
tains discoasters similar to the Miocene of the Campeche Bank. Thus we find 
in the canyon of Campeche Bank evidence of removal and in the abyssal plain 
evidence of deposition of a similar material. For several reasons we cannot at- 
tribute these red and white layers to climatic changes. The upper halves of both 
the red and white layers are thoroughly reworked by burrowing organisms; the 
bottom parts dre not. One would not expect sharp boundaries if these layers 
were due to climatic changes. Discoasters, which became extinct before the 
Pleistocene, are abundant in the white layers. The white-over-red succession is 
found nowhere else in our more than four hundred cores in the Atlantic, Carib- 
bean, and Mediterranean. We conclude these layers are due to turbidity cur- 
rents. Beneath these layers we find a brown foraminiferal lutite which gradually 
changes to a dark gray lutite with silty layers and microfauna so meager that 
they are no help as climatic indicators. We believe this change marks the 
boundary between the last glacial stage and the Recent. In cores from comparable 
depths in the Atlantic, Caribbean, and Mediterranean, we find a faunal boundary 
between warm-water species and cold-water species at a comparable position in 


the cores (if we neglect the red and white layers). This indicates a rather funda- 


mental climatic change at the end of the last glacial period. The interbedded 
silt layers show excellent graded bedding typical of turbidity current deposition. 
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These are attributed to repeated turbidity currents during the Wisconsin as sug- 
gested by Daly. These beds continue to the bottom of the core, indicating a rapid 
Pleistocene deposition. We will need longer cores to reach the base of the Wis- 
consin in this basin. 

Core number 36 on the continental rise does not contain the red or white 
layers. It is otherwise similar to those of the abyssal plain. Core number 33 
actually is projected 120 miles to the section. It has a lower zone of foraminiferal 
lutite which may be of Sangamon age. There is evidence that this may be due to 
slumping. We must await additional evidence to reach a conclusion. 

Cores 37 and 38 on the upper continental rise show a marked increase of 
thickness of post-Wisconsin. The continental slope cores 39, 40, 41, 42, 43, 44, 45, 
49, and 50 show a highly variable deposition rate, depending on the topography, 
and a noticeable lack of graded silt layers like those in the abyssal plain cores. 
Cores 49 and 50 are good examples of this. Both cores lie below the shelf break, 49 
in 170 fathoms (310 meters) and 50 in two hundred fathoms (366 meters). In 50, 
which comes from a depression, the base of the Globorotalia tumida zone is not 
reached at all, although the core is 19 feet long (580 centimeters). In 49, which 
lies two hundred feet shallower than 50, the Globorotalia tumida zone is a mere film 
on top and the section below contains a meager fauna. The unsatisfactory fauna 
is no older than Pliocene and may be Pleistocene. If the rate of deposition is 
very fast in depressions and almost zero on local highs, as the continental slope 
cores seem to indicate, the original bottom irregularities ought to have been 
smoothed out to a considerable extent. Instead, the continental slope south of 
Galveston has an unusually large number of local highs and lows. It is hard to 
avoid the conclusion that there has been much local rather small-scale tectonics 
here in the Pleistocene and perhaps even in Recent time. Therefore we conclude: 
(1) Campeche Bank is calcareous and biogenic, differing largely from the abyssal 
plain, continental rise, and continental slope, which are clastic and minerog- 
enous; (2) the abyssal plain cores show abundant evidence of turbidity-current 
deposition. In spite of this the deposition in recent times has not been excessive. 
On the other hand deposition during the Wisconsin glacial stage seems to have 
been very largely by turbidity currents and the rate of deposition was cor- 
respondingly rapid; (3) deposition on the continental slope and rise has been 
variable, largely dependent on topography, fast in the depressions, slow on the 
elevations; (4) Miocene calcareous lutite was reached in the canyon on Campeche 
Bank; (5) two or three cores on the continental slope may have reached the 
Pliocene. 


SEISMIC REFRACTION MEASUREMENTS 


Figure 13 shows the seismic refraction stations in relation to the topography. 
Calculations have been completed for only six stations. 

Figure 14 shows records from refraction shooting. Note that the records 
have been folded at a point near the left-hand side of the illustration. Profile 
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Fic. 13. Locations of reversed seismic refraction profiles with respect to bottom topography. 
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Fic. 14. Some typical seismic refraction records made in the Gulf of Mexico. 
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29-R shows emerging ground waves which are so prevalent on the continental 
slope. Profile 22 shows four phases. Note that the later phases are better than the 
first arrival. Profile 24-R shows a good impulsive first arrival. Profile 21-R shows 
a very sharp first arrival from a very deep layer, the one just above the Mohoro- 
vicic discontinuity. 

Figure 15 (Profiles 21, 22, and 24) show typical travel time curves in the abys- 
sal plain. Note the indication of increase of velocity with depth in the top layer 
of profile 22 shown by the points gradually dropping below the straight line. 
There are a number of excellent second-layer arrivals but they are usually not 
reliable. The layers indicated by first arrivals are quite distinct and do not grade 
from one into the other. The layers with velocities between 2.25 and 6.0 km/sec 
are the only additions to a standard Atlantic Ocean column. The third layer 
can either be consolidated sediments or limestone. 

In profiles 28 and 29 (Figure 16), we observe a 5.0 km/sec layer as shown. 
For this layer we could only observe two or three points on the travel time curves. 
At greater distances the layer disappeared, even though three-hundred-pound 
charges were used at distances of 20 to 40 miles. We infer from this that the 
5 km/sec layer is a thin bed underlain by more sediments of lower velocity and 
unknown thickness. This thin bed may be interpreted to be either a limestone 
layer or a salt layer. Just inshore of these stations, field plots indicate basement 
under great sedimentary thicknesses of 35,000 feet (approximately 10 km). 
By comparison with the seismic refraction results from ocean areas (for example, 
Ewing et al., 1954) we see that the main basin of the Gulf of Mexico is a typical 
oceanic area, modified by the addition of about 7 km of sediments. 

Profile 16, made on Campeche Bank, is shown in Figure 17. We observed a 
different surface velocity at each end. We consider that this must be gradational, 
probably a facies change, since a discontinuity in the upper layer would affect 
the other branches of the travel-time curve. On this assumption the second layer 
shows a nearly horizontal top with a velocity of 4.82 km/sec. We consider these 
top two layers to be calcareous. The second interface dips southeast about 1} 
degrees. Identification is uncertain; the 5.67 km/sec layer could be either a 
crystalline basement or a limestone or dolomite. Paul Weaver (personal communi- 
cation) mentioned the agreement in velocity in the upper layer with the value 
2.41 km/sec found by logging a well near Merida (Cué A., 1953). The interval 
velocity increased to 3.65 km/sec at 850 m (top of Paleocene). Igneous rock, 
elsewhere reported as andesite, was reached at 1,270 m, but Weaver doubts that 
this correlates with any layer in our seismic section. The structural transition 
from the Campeche Bank to the abyssal plain cannot be known in detail until 
much more seismic work is done. 7 

Figure 18 shows a seismic section across the Gulf of Mexico. Stations number 
21 and number 22 are alike except that the sediments at number 21 can be brok- 
en into more layers. On station 21 we did not observe the Mohorovicic discon- 
tinuity. The depth given is a minimum depth calculated on the assumption 
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Fic. 18. Composite seismic structure section along profiles on line crossing the Gulf from 
Galveston to Yucatan Peninsula. 


that the Mohorovicic discontinuity would have been observed at a slightly greater 
shot distance. On station 24 we did not observe the 5.0 km/sec layer, possibly 
because of the shot spacing. If we put it in with the maximum possible thickness, 
the 3.22 km sedimentary layer is 1 km shallower, the 5.0 km/sec layer is 25 km 
thick, and the Mohorovicic discontinuity is } km deeper. 

Colle et al. (1952) give the sedimentary base at 45,000 feet (ca. 14 km) at 
the Texas coast of the Gulf. Nettleton (1952) shows the regional dips of the sedi- 
mentary layers from geophysical evidence. The consensus among most earth- 
quake seismologists is that the Mohorovicic discontinuity lies at a depth of about 
30 km beneath the continents. Although earthquake data are not available for 
the structure beneath Texas, it is probable that this number would be approxi- 
mately correct. We have included this in our section of Figure 18 for comparison 
purposes. 

ACKNOWLEDGMENTS 


We wish to express our deep thanks for assistance in the field to the officers 
and crew of the ships and to the many people who assisted in obtaining the data. 


| 
Wy — 
50,000 f 
~ + 
Q , g 
x 
be 
& 
: 


PROFILE 28-28R 


-185 , 
os MAY 1953 
- 
391 35 sek. 25 MAY 1953 
630 +30 30 30 
o 
226 4 +25 z 5 25 
w 
220 te 20 20}, 
<a 
« « 
10 HO 10 
54 +S 5 5 
DISTANCE IN KILOMETERS DISTANCE IN KILOMETERS 
10 20 30 40 50 60 10 
ot Ol gol so! 35° 40' 45 5 10 5 
DIRECT WATER WAVE TRAVEL TIME IN SECONDS DIRECT WATER WAVE TRAVEL TIME IN SECONDS 
VEMA receiving o ATLANTIS recewing VEMA receiving o ATLANTIS recewng 
ON SEISMIC SECTION SEISMIC SECTION of 
12, 220 10 3 10 
z VV VV VV VV VV VV VV VV 20 x 20 
w 
a co 
Fic. 16. Refraction travel-time curves and cross-sections from two profiles indicating 
presence of a layer with a speed slightly greater than 5 km/sec. 
MAY 1953 
a 
4 
_NW SE oO 
2° °. 3 a 
! 82 ‘km/sec z 
x 2 15,810 LEZ, 5000 .& = 
£ LZ) 
<3 5.67 km/sec Z a 
18,800 f1/sec -| 
(=) 
> 
<x 
30 
DIRECT WATER WAVE TRAVEL TIME IN SECONDS 


VEMA receiving o 


e ATLANTIS receiving 


Fic. 17. Refraction travel-time curves and cross-section for profile 16-16R over Campeche Bank. 


= 
a 
i 
ty 
q 
all 
f 


GEOPHYSICS, VOL. XX, NO. 1 (JANUARY, 1955), PP. 19-32, 13 FIGS. 
THREE-DIMENSIONAL SEISMIC MODEL STUDIES* 


F. K. LEVIN{ anp H. C. HIBBARDT 


ABSTRACT 


Elastic wave propagation in a two-layer section has been studied with a solid two-bed model 
and records resembling seismograms obtained for the four possible source-detector configurations. 
Numerous events are identified. aye these, the shear waves are found to be surprisingly prominent. 
The amplitude of the ground roll falls off approximately as (distance)-“*. This is the amplitude- 
range dependence expected for a surface wave. The ability of two in-line detectors to reduce surface 
waves has been demonstrated. 


INTRODUCTION 


Seismic models recently have been described by investigators at several labo- 
ratories (Evans et al., 1954; Howes et al., 1953; Kaufman and Roever, 1951; 
Northwood and Anderson, 1953; Oliver et al., 1954; Press et al., 1954; Riz- 
nichenko et al., 1951). These models represent on a reduced scale pulses traveling 
in an elastic earth. They have been used to confirm the predictions of elastic 
wave theory and to study wave propagation in cases where mathematical diffi- 
culties preclude prediction. 

One such case is the initiation and detection of pulses on the surfaces of a 
simple two-bed section. At the Carter Oil Company Laboratory we have at- 
tacked this problem using a three-dimensional seismic model. The results re- 
ported here are complete but largely qualitative. They are at present being com- 
pared with theory. 

THE TWO-BED MODEL 


The two-bed model consists of a three inch thick slab of Sauereisen No. 31 
cement over a one inch thick slab of marble. On the chosen scale of one foot of 
model to a thousand feet of earth, the cement represents 250 feet of shale or 
sandstone; the marble, 83 feet of limestone. Relevant physical properties are 
summarized in Table I. 


TaBLe I 
Model Material Specific Gravity Dilatational Wave Velocity 
Cement 2.0 7,300 ft/sec 
Marble 2.7 18,400 ft/sec 


Model pulse frequencies lie in the range of 10 to 100 kc/sec, corresponding 
to seismic frequencies of 10 to 100 cps. The equipment and techniques of ultra- 
sonic pulse generation and detection in the model are described in the Appendix. 


* Presented at Technical Conference of the University of California Institute of Geophysics, 
November 4-5, 1953. Manuscript received by the Editor August 16, 1954. 
t The Carter Oil Company, Tulsa, Oklahoma. 
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RESULTS 


Seismograms will be shown for all four source-detector configurations possible 
with a two-bed model. Typical records taken with the source and detector both 
on the cement appear in Figure 1. The equivalent geophone separation on the 
earth is 10 feet and the equivalent pulse breadth is 11 milliseconds. At small 
source-detector separations, the large-amplitude ground roll completely hides 
the initial arrival but for greater distances, low-amplitude dilatational events 
are visible. In the usual notation, the events identified in Figure 1 are the direct 
ground roll arrival, the P;P; and S,S; reflections, and the P;P2P, refraction.’ 

By placing the source and detector on the marble surface, we have simulated 
operations over an area characterized by a high-speed surface bed (Fig. 2). In 
this work, the equivalent pulse breadth is six milliseconds. The records obtained 
here differ from those on the cement in several ways. The amplitude of the di- 
rect dilatational arrival P, decreases so rapidly with distance that it is nearly 
undetectable at 11 inches. No dilatational reflections can be identified with cer- 
tainty and events traveling with the shear velocity of the marble are prominent. 
Finally, the second largest event on the record appears to be the shear-dilata- 
tional-shear conversions S2P;S;S_2 and S2S,P,S2. Other events on Figure 2 in- 
clude the direct ground roll and the shear reflection 52515152. 

No change of pulse breadth occurs along the record either for the profiles 
taken along the marble or for those on the cement. We attribute this in part 
to the technique of pulse shaping at the source and to wave lengths small com- 
pared to the bed thickness. In addition, the model has no low-velocity layer. 
Since all events have about the same frequency characteristics, filtering to elimi- 
nate ground roll is impractical. 

Except in relatively few studies carried out with deep geophones locked in 
wells, the down-traveling pulses are not recorded in exploration seismology and 
the nature of these pulses must be inferred from reflected events detected with 
surface spreads. Pulses transmitted through the model, on the other hand, may 
be recorded. Figure 3 shows sample seismograms taken with the source on the 
cement and detector on the marble. In Figure 4, the source and detector are 
interchanged. The equivalent geophone separation is 10.4 feet. The directly 
transmitted shear event S,S2 is not apparent when the source and detector are 
opposite one another but appears suddenly at greater distance. Still further 
along the profiles, a converted dilatational-shear wave P,S2 separates out and 
continues parallel to S,;S2. The large amplitude of these two events explains the 
prominence of event D of Figure 2 (S2P1S,S_ and S2S,PS2). At large distances, 
the direct arrival P,P: becomes negligibly small. In general, the region of maxi- 
mum energy shifts toward later times with increasing source-detector separation. 

Although the seismograms of Figures 3 and 4 are different in appearance, the 
same events—P,P2, P,S2, and S,;S;—are prominent in both figures. In the ab- 


1 The abbreviation SH for shear wave in Figure 1 and subsequent figures is unfortunate. In the 
usual notation, the events are actually SV waves. 
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Fic. 2. Typical model records with source and detector on marble. 


sence of a satisfactory theory for two-layer model amplitudes, we offer no expla- 
nation for this observation. 

Quantitative data of two types are obtained with the two-bed seismic model: 
travel times and amplitudes of selected events. The times of every peak and 
valley for events arriving within 250 microseconds of pulse initiation have been 
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DILATATIONAL 
SHEAR 


Fic. 3. Typical model records with source on cement, detector on marble. 


plotted against horizontal distance and theoretical time-distance curves, super- 
imposed on the experimental points. Figures 5 to 8 are such plots for the four 
configurations. In general, the agreement of theory and experiment is satisfac- 
tory. As mentioned previously, the pulses are shaped before being applied to the 
input transducer and all theoretical curves have been displaced to correct for the 
time zero. 

While absolute tweed times can be determined accurately, we have meas- 
ured only relative amplitudes and those with great difficulty. By noting the sig- 
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Fic. 4. Typical model records with source on marble, detector on cement. 


nal from an undisturbed detector placed at one side of the profile, we have com- 
pensated for variations in input-pulse size but the mechanical coupling of the 
detector to the model surface remains uncertain. Four readings are taken at each 
position, the detector being recoupled between successive exposures, and the val- 
ues of the peak-to-valley amplitudes are averaged. Figure 9 is a plot of ground 
roll amplitude against horizontal distance for the source and detector on the 
cement. The solid line is the function Aoe~°-"*/+/x. The satisfactory fit and 
small exponent indicate that the ground roll is a surface wave (Northwood and 
Anderson, 1953; Lamb, 1904). 
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Fic. 7. Model time-distance plot with source on cement and detector on marble. 


Only one dilatational event, the reflection from the cement-marble interface 


(event D of Figure 1), 


ficiently clear of obviously interfering events to per- 
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The results appear in Figure 10. Theory predicts 
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Fic. 8. Model time-distance plot with source on marble and detector on cement. 


All four configurations possible with a two-bed seismic model have been stud- 


tion can be seen easily. It is anticipated that experiments of this type, properly 
ied qualitatively. Although some quantitative measurements have been made 


extended, will permit a quantitative investigation of geophone patterns. 
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and explained, a general explanation of the results awaits the development of an 


adequate theory. 


The seismograms from even such a simple section are surprisingly complex. 


Shear, shear-dilatational converted events, and ground roll are prominent. 


Neither dispersion phenomena nor pulse broadening due to attenuation have 


been detected for this choice of materials and bed thicknesses. 


Although models appear best adapted to fundamental studies, certain field 
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Fic. 11. Model-records showing the reduction of ground roll with in-line detectors. 
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Fic. 12. Schematic of seismic model equipment. 
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problems can be attacked with their aid. The investigation of multiple — 
patterns is one such problem. 
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APPENDIX 
Model Equipment and Techniques 


The two-bed seismic model consists of a 5 ft7 ft 3 inch slab of Sauereisen 
No. 31 cement bonded to a 5 {t7 ft 1 inch slab of marble. It rests on a heavy 
steel frame table topped with plywood and sponge rubber. A piece of the ply- 
wood and rubber has been removed to allow work on the marble as well as the 
cement. 

In the frequency band of interest (10 to 1,000 kc/sec) shots and geophones 
have been replaced by piezoelectric transducers. Brush Ceramic A is used to 
generate ultrasonic pulses; lithium sulphate or Ceramic A, to detect the pulses. 
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Fic. 13. Comparison of electrical input and detected pulses, two-bed seismic model. 
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The active transducer areas correspond to seismic shots and geophones 10.4 ft 
X10.4 ft. 

Figure 12 shows schematically the circuitry of the model. The controlling unit 
is a TS 100 A/P radar calibration oscilloscope modified to operate with a 100 
kc/sec quartz crystal (Hughes and Jones, 1950). The source transducers are ex- 
cited with 200-3,000 volt pulses at a repetition rate of 30 to 1,000 cps. Detector 
signals vary from a few microvolts to several millivolts and are displayed on two 
Dumont 304 oscilloscopes. One oscilloscope face is photographed. To obtain rec- 
ords similar to field seismograms, we take a series of exposures on a single film, 
the back of the Land Polaroid camera being moved in steps as the detector as- 
sumes successive positions. Travel times are measured to a theoretical precision 
of +0.1 microseconds, but, in practice, this precision is rarely realized because . 
of the difficulty in choosing a “set” point on the broad detected events. 

Typical input and detected pulses as measured through a six-inch slab of 
lucite are shown in Figure 13. Except for additional low-amplitude cycles, the 
voltage on the detector crystal has the same form as the current on the source 


crystal. 
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ENERGY DISTRIBUTION IN EXPLOSION-GENERATED SEISMIC 
PULSES* 


B. F. HOWELL, JR.t anv D. BUDENSTEINt{ 


ABSTRACT 


Three separate pulses were recognized on seismograms of ground motion resulting from ex- 
plosions measured at distances ranging from 10 to 1,172 ft from the shotpoint. It is believed that the 
first pulse represents primarily body waves, the second pulse coupled waves, and the third pulse 
Rayleigh and Love waves arriving simultaneously. The ratios of the energies of the various pulses 
are given for several distances. The rates of attenuation of the three pulses are expressed as ex- 
ponential functions and also as inverse power functions. 


THEORY AND PREVIOUS WORK 


In an earlier paper (Howell and Kaukonen, 1954), a theory describing the 
formation of seismic waves near an explosion was presented. It was postulated 
that in the ideal case, in a homogeneous, infinite, non-fluid medium, a spherical 
cavity is formed by the pressure of the expanding gases. Part of the energy of 
the explosion is used in heating the gases in the cavity; the rest is imparted to 
the rock in the form of a shock wave. Much of the energy of the shock wave will 
be used to fracture the rock. At some distance, this fracturing and the increasing 
area of the wave front will reduce the maximum stress to the breaking strength 
of the rock. 

Beyond this distance, in a perfectly elastic medium, the energy will be trans- 
mitted as a compressional pulse in which strain is proportional to stress. In actual 
materials, plastic flow may cause the rock to deform in a time-dependent manner. 
The effect of this is to absorb energy from the transmitted pulse. 

Born (1941) discussed the nature of viscous and solid friction losses in rocks. 
He concluded that the viscous nature of earth materials is not an important fac- 
tor in attenuating vibrations at frequencies of less than 150 cycles per second, 
and that solid friction losses are primarily responsible for the observed attenua- 
tion of the waves employed in the seismic reflection method. Lampson (1946) 
derived a relation between particle velocity, v, and distance from the shot, X, 


of the form: 
(1) 


* Contribution No. 53-19, Coll. Min. Industries, The Pennsylvania State University. This paper 
is a summary of a dissertation by Mr. Budenstein submitted in partial fulfillment of the requirements 
for the M.S. degree at The Pennsylvania State University. The complete thesis is on file in the 
University Library. Presented at the Regional Meeting of the Society at Boston December 27,1953. 
Manuscript received by the Editor April 2, 1954. 

t Department of Geophysics and Geochemistry, College of Mineral Industries, The Pennsyl- 
vania State University, State College, Pennsylvania. 
t U. S. Geological Survey, Washington, D. C. Now at White Sands Proving Grounds, White 


Sands, New Mexico. 
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where P would be expected to have the value 3.5. The observed decrease of ampli- — 
tude ranged from an inverse cube power at short distances to an inverse first 
power at large distances. 

Duvall (1953) studied the ground motions of solid rock at distances up to forty 
feet from explosions. He derived a similar formula, based on the theory of Sharpe 
(1942). He concluded that the exponent P should have the value of 1.5. His ob- 
served data corresponded in all cases to more rapid attenuation. 

In terms of energy, neglecting variations in pulse shape, equation (1) is equiv- 
alent to: 


E, = (2) 
L. G. Howell, Kean, and Thompson (1940) suggested that the rate of attenua- 


tion of the ground motion can be described by an exponential equation of the 
form: 


v= 9X "ek," (3) 


where F would have the value of one for a body wave and one-half for a surface 
wave. In terms of energy this equation is equivalent to: 


E, = (4) 


where A has the value two for a body wave and one for a surface wave. Working 
largely with unconsolidated materials, Howell and Kaukonen (1952) determined 
values of B and a. 

The studies above were concerned primarily with compressional pulses. The 
well known seismic-wave types include, in addition, shear, Rayleigh, and Love 
waves. Leet (1946) and Howell (1949) have described another type of wave called 
a coupled wave. It is a dispersed pulse arriving after the first or principal pulse. 
The longitudinal component of motion is the strongest; it is recorded on more 
than one component; and all components are in phase with one another. In the 
investigation described in this paper, all these types of waves were observed. 
Wherever possible the rate of attenuation of each type was determined, and the 
amount of energy in each type of pulse was measured. 


METHOD OF STUDY 


The apparatus used was similar to that described by Howell (1949) and Howell 
and Kaukonen (1954). Seismograms were made at various distances from 10 to 
1,172 feet from the shot hole. The frequency spectrum recorded covered the range 
from 6 to 120 cps. For each shot approximately one-half kilogram of 60% dyna- 
mite was detonated in a hole at a depth between eight and ten ft from the surface 
of the ground. The hole was filled with water. A new hole was used for each shot 
to minimize the possible change in pulse characteristics which would result from 
shooting more than once in the same hole. The amplitudes of the records of the 
individual ground motions were measured. From these, using the sine-wave 
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calibration curves of the recording instruments, the relative energy of each pulse 
was calculated. 
LOCATION 


The site of the field work was in an area known as The Barrens, about two miles 
northwest of State College, Pennsylvania. The surface rock in the region has de- 
composed, leaving a deep mantle of sand and pebbles. The uppermost layer is the 
Gatesburg formation. The site of the field work was near the crest of the Gates- 
burg Anticline (Butts and Moore, 1936). 

The velocities of compressional waves in the first two layers were determined 
by a refraction survey. For the weathered layer, the value obtained was 1,830 
ft/sec; for the next underlying layer, it was 4,440 ft/sec. The depth to the second 
layer beneath the shotpoint was estimated to be 63 ft. 


RECORDED PULSES 


Tracings of six of the twenty-nine seismograms used in this research are pre- 
sented in Figures 2 to 7. The magnifications of the different traces are indicated 
at the left. The units are inches of original record amplitude per inch per second 
of ground velocity. 

The individual pulses comprising the ground motion were recognized by their 
characteristic wave shapes and patterns of particle motion. They could be identi- 
fied separately only where they arrived during different time intervals, or were 
on different components. At large distances, because of the different velocities of 
the various types of seismic waves, it is usually not hard to distinguish one pulse 
from another; but near an explosion it is difficult, and sometimes impossible, to 
separate them. 

In order to identify the pulses, a travel-time plot (Fig. 1) and hodographs 
(Figs. 3 to 7) were drawn. The circles on the travel-time plot represent maxi- 
mum away-from-the-shot velocities of the ground. Motion on the hodographs 
is given in terms of velocity, not displacement. They indicate the nature and 
direction of the ground motion during the passage of the pulse, but are not actual 
plots of particle path. The arrows correspond to time intervals of .o1 second. 

Three pulses could be recognized on most of the records. These pulses, labeled 
A, B, and C in Figures 3 to 7, are not clearly representative of any of the classical 
wave types. One unexpected characteristic was that much energy was in the 
transverse component. In most places, explosion-generated seismic pulses pro- 
duce relatively little transverse motion. 

Pulse A, the first pulse on the seismograms, is characterized on the hodographs 


by motion on all three components, but the largest motion is usually in the longi- 


tudinal component. Out to 150 feet, a distinct up-away, down-toward motion 
can be seen which suggests that Pulse A is a direct compressional pulse (Figs. 
2 and 3). If A were a shear wave, the ground motion would be expected to be up- 
toward, down-away. The beginning of pulse A is taken as the first break on the 
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Fic. 1. Travel-time plots for all events recorded. 
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Fic. 2. Ground motion recorded ten feet from the top of the shot hole, 14 feet from the 
shot itself. 
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Fic. 3. Ground motion go feet from the shotpoint. 


record near the shot and it is assumed to continue until Pulse B becomes the pre- 
dominant pulse. Beyond 150 feet, refracted compressional waves were observed es 
arriving before Pulse A in a few cases, but were everywhere so weak that their ia, : 
energy could not be accurately estimated. The velocity of Pulse A as determined 
by the travel time curve is approximately 1,830 feet per second. From the hodo- 
graphs, it can be seen that the components of the pulse are in phase with each 
other. This pulse is believed to represent a compressional wave complicated 
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Fic. 5. Ground motion 400 feet from the shotpoint. 


per second. This pulse also shows the same order of magnitude of motion on all 
three components, with the longitudinal usually being the greatest. Pulse B is 
believed to be a coupled wave as described by Leet (1946) and Howell (1949). 
It has been identified as such because in general it consists predominantly of in- 
phase motions on all three components; it follows the direct compressional pulses 
on the records, but precedes the Rayleigh waves. 

The beginning of Pulse C, like B, is recognized by a change in the direction of 
ground motion. The ground motion tends to be most commonly eliiptical, es- 
pecially in the vertical plane; though often it is irregular. The transverse compon- 
ent is most commonly the strongest one, the vertical almost never. The amplitude 
of C often exceeds that of B. The beginning of Pulse C has a velocity of 966 feet 
per second. It is strongly dispersive, and lasts longer than either of the other 
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by inhomogeneities in the material through which it is traveling. It probably in- 
cludes both reflected and refracted waves, accounting for the transverse com- 
ponent. 

Pulse B is distinguishable by a change in direction of motion and often by an 
increase in amplitude. Its beginning has a velocity of approximately 1,380 feet 
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pulses. This pulse is believed to be a combination of overlapping Rayleigh and 
Love waves arriving simultaneously. Because of the complicated nature of the 
particle motion, it is impossible to subdivide Pulse C further and present a fair 
approximation of the energy content of its components. 


COMPUTATION OF ENERGY 


To calculate the energy represented by a complex record such as those dis- 
cussed above, it is necessary to make certain assumptions. The principal ones 
made in this investigation are discussed below. 

Assumption 1: The kinetic energy of a seismic pulse is proportional to the 
total energy. On the average it would be expected that one half the energy of the 
pulse is in the form of kinetic energy of the moving particles of the ground, and 
half is in the form of potential energy stored elastically in the strain of the rocks 
from their rest positions. The instantaneous kinetic energy per unit volume is 


given by: 
(5) 


E, 1/2 (pv?), 
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where p is the density of the ground and 2 is particle velocity. 
The kinetic energy of the whole seismic pulse is the summation of the in- 
stantaneous energies over the volume through which the pulse is being trans- 


mitted: 
E= (pv?) dV. (6) 
The energy in a shell of unit thickness would be 
E, = 1/2 (pv*)ds. (7) 


In the general case, both p and » are functions of position within the disturbed 
body. 

Assumption 2: The energy measured at any point on the surface is a measure 
of the energy over the whole surface. This is true if the energy spreads radially 
over a uniform, spherical, or hemispherical surface. In the case of surface waves, 
care must be used in applying this assumption, as the energy does not spread 


radially, but is confined to the vicinity of a plane. 
If this assumption is correct, at distances from the shot not greater than the 


shot depth, for radial spreading, the total kinetic energy, before surface waves 
have been generated, can be calculated in a homogeneous, isotropic medium by 
rreasuring the energy at any one point. The relationship is: 


E, = 1/2 (49R?)pv° (8) 


E = 2mp f (9) 
R 


If ¢ is the velocity of propagation of the energy, then 


dR 
=—- 10 
(10) 


and 
E = f Rvcdi. (11) 


Use of this transformation makes it possible to take the integral at one 
distance, where R is a constant. The energy found from (11) is not the energy 
existing at any particular time, but is the energy flowing past a point at the 
distance R. Because of absorption, the amount of energy flowing through a sphere 
whose radius is R will decrease as R increases. Equation (11) can be rewritten: 


E = v*cAt. (12) 
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To evaluate this, a succession of real intervals, At, must be selected. Within 
each interval weighted values of v and c must be chosen. Ideally it would be 
desirable to make Aé so small that errors in estimating these weighted averages 
would be negligible. This is very tedious. In order to reduce the labor involved in 
summing up the energy in a large number of small intervals, one usually makes a 
judicious choice of large intervals. The method used: here was to begin a new in- 
terval each time the trace of recorded ground velocity crossed the zero axis 
(Fig. 8A). 


(A) (B) 


5 


Fic. 8. Illustrating the method of choosing intervals in the computation of energy. 


Assumption 3: The energy in each such interval is approximately equal to 
that of a half-cycle of a sine wave whose maximum amplitude and half-period 
are those of the recorded pulse. This assumption may introduce considerable 
error in some cases, such as in the second, third and fourth intervals illustrated 
in Figure 8B, where the trace departs greatly from sinusoidal form. 

Since the pulse is recorded on several components, it is necessary to combine 
the energy represented by the separate traces. It can be shown in the following 
way that it is not necessary to divide all pulses into the same intervals. Divide all 
traces into short intervals of length At (Fig. 8C). Measure the average value 
of velocity in each interval on the first component getting vn, t%2, %13, °°: ; on 
the second getting v22, 23, ; and on the third getting v32, 033, - 

The total energy for the first time interval for a unit volume is, by equation 


(12), 
E, = Ko,*At, (13) 


where 


ll 


At Ate Ats Ate 
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and 
= (vi? + 001? + 
Therefore, 
E, = K(01? + 021? + 0317) At, (14) 
and for any time interval, 
E, = K(01n? + ven? + = K (15) 


If K is a constant, the total energy is 


N N 3 
E = K 2, 0,°At = K >, > vmn2At, (16) 
n=1 n=1 m=1 
where WN is the total number of intervals into which the pulse is divided. But 
the energy appearing on any one component is 


N 
En = K (17) 
n=1 
From this it can be seen that it makes no difference whether the three components 
of velocity in each interval are measured, the energy for that interval found, and 
then all energies added, or whether the energy for each component is calculated 
separately, and then the three energy components summed. 

The importance of this is that it allows one to divide the different components 
into different time intervals (Fig. 8D). This is a great convenience and is what 
has been done in this research. Energy-measures, > v?At, were calculated using 
this method for the three pulses observed on each of the twenty-nine seismograms 
studied. For simplicity in computing pulse energies, the beginnings of pulses were 
always assumed to be at times when the ground velocity was zero. These times 
were usually not exactly the same on all three components, so this method of 
picking times causes a certain amount of overlap in dividing the record into sepa- 
rate pulses. 


RATES OF ATTENUATION 


If the energy spreads radially in all directions, the energy flowing through a 
surface element of unit cross section perpendicular to a radial line at radius, R, 
can be found by dividing the energy represented by equation (12) by a number 
numerically equal to the area through which the energy is spreading: 

2 2 
ompR? >, v°cAt (18) 
4m R? 


If the velocity of transmission is constant for the whole pulse, the energy flowing 
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past a point at distance R is: 
pc 
E, = — > v*At. (19) 
2 


Therefore, under these conditions, the energy-measure, > v?Aé, is proportional 
to the energy flowing through a unit area at a given point. This energy-measure 
has the units cm?/sec in the cgs system. 

By comparing (19) and (2) it is apparent that 


yom os, (20) 
2Eo 
and 

— Blog X = logC + log >, v*At. (21) 

Taking the derivative of both sides with respect to log X, 

d log 
(22) 
d log X 


Thus B can be determined from the slope of a plot of > »?At against distance on 
logarithmic paper. 
Similarly, by comparing equations (19) and (4) it is apparent that 


= CX4) (23) 
and 
— aX = In,C + In, (X4 >> v*Ad). (24) 
Taking the derivative of both sides with respect to X, 


d In, (X4 >> v?At) 
dX 


Thus a can be determined from the slope of a plot of X4 > v*A¢ against distance 
on semi-logarithmic paper. If there is a large variation of the velocity of trans- 
mission, c, this method may yield inaccurate results. Some information could be 
obtained in this case by using an energy-measure of the form, ))v*cAt. 

Elastic theory predicts that, due to radial spreading, energy will be propor- 
tional to X-* for a body wave, and to X—! for a surface wave, in addition to an 
absorption term. Therefore, if } At for some pulse falls off at a rate proportional 
to less than X~*, that pulse is not a body wave. 

The computed energy-measures, } v?A/, expressed in decibels above one 
inch?/sec, are plotted against distance on a logarithmic scale in Figure 9. For 
pulse A, the rate of attenuation found using equation (2) increased from X—*-° 
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Fic. 9. Energy-measures plotted against distance for the three pulses observed. 


near the shot to X-*-® beyond 150 feet. Therefore, this pulse could be either a 
body or a surface wave. Because of the direction of particle motion and because 
it is the first pulse on the record, it is believed to be compressional. Howell and 
Kaukonen (1954) found the rate of decrease to be X~*-* for the compressional 
pulse. Duvall’s (1953) energy decrease varied from X~*-? to X—*-° in solid rock, 
since his amplitudes fell off as the — 1.6 to — 2.5 power. Lampson (1946) obtained 
figures for the exponent ranging from — 2.2 to — 3.8. Duvall, as well as Howell and 
Kaukonen, found that the exponent decreased with distance, while in the ob- 
servations reported here it increased. Jolly (1953), recording in an oil well at 1,000 
to 5,425 feet depth, observed a decrease in amplitude proportional to the — 2.6 
power of depth, which would be equivalent to the — 5.2 power for energy. Because 
of reflection losses at formation boundaries, a larger than normal value of B would 
be expected in such a case. Nyborg and Rudnick (1948) report absorptio:s as 
high as 64 db per cm for high-frequency sound waves in soil. 

Pulse B was treated similarly. The part from 14 to 110 feet fitted a curve whose 
attenuation exponent was —1.3, and from 110 to 1,172 feet the attenuation ex- 
ponent was —4.4. Hence Pulse B, with an exponent of —1.3, cannot be a body 
pulse. : 
Pulse C has an attenuation exponent of — 2.6. Because of its small amplitudes, 
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this pulse is not measureable on the records made at distances less than those for 
which the bends occur in the regression curves for Pulses A and B, The rate of 
attenuation of C is less than that of the body wave A or the surface wave B at 
the same distances. It falls off the most slowly of the three pulses. This lower 
rate of attenuation supports the idea that this pulse is composed of surface waves. 

In Figure 10, the product of energy-measure and the square of distance has 
been plotted against distance for Pulse A. A straight line drawn through the 
plotted points corresponds to an exponential rate of decrease in energy of .o1g 
per foot. Howell and Kaukonen (1954) obtained a value of .0026 in a similar in- 
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Fic. 10. Plot of energy X (distance)* against distance, pulse A. 


| 
BE 


B. F. HOWELL, JR. AND D. BUDENSTEIN 


1.0} 
° 
lp 
° 
° 
ol 
q \ Al 
%, 

001 
00002" 400600 800 1000 

DISTANCE IN FEET 


Fic. 11. Plot of energy X distance against distance, pulse B. 


vestigation. Their studies were made on ground which was firmer than that on 
which the experiments described here were conducted. 

For pulses B and C, the product of energy-measure and distance was plotted 
against distance (Figs. 11 and 12) respectively. For pulse B, it was impossible 
to draw a straight line through all the points and come close to making a reason- 
able fit. Out to 700 feet, a line representing a=.011 per foot is not too unreason- 
able, although a larger value of a would give a better fit. Beyond 700 feet, the 
rate of decrease of energy is less than at shorter distances. 

Howell and Kaukonen (1954) predicted that as a pulse spreads radially from 
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Fic. 12. Plot of energy Xdistance against distance, pulse C. 


a shot, a distance should be reached where stress is always less than the elastic 
limit. For larger amplitudes, the attenuation factor is large and probably de- 
pends on amplitude. For lesser amplitudes, a would be small and possibly con- 
stant. The distribution of points in Figure 11 is such as to suggest that a may be 
decreasing with distance. If this represents the approach to the region of perfectly 
elastic behavior, then the elastic limit is very small for materials such as those 
underlying the test site. At 500 feet the maximum ground velocity for pulse B is 
only 0.008 inches per second. 
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The observed values of energy-measure-times-distance show a great deal of 
scatter for pulse C. A value of a=.0053 per foot makes a reasonable fit, but the 
choice of the best line is strongly influenced by the observed data points at the 
extreme distances. Almost no data are available in the literature concerning rates 
of attenuation of surface waves near explosions. For coupled waves, no figures 
were found by the authors. For Rayleigh waves, the only comparable observation 
was a decrease of 8 db per 1,000 feet noted by Eisler (1952), and even this was 
for a distance range (1,500-4,500 feet) entirely different from the one in which 
the experiments described here were performed. 


ENERGIES 


The three pulses travel at different velocities and contain different amounts of 
energy. Assuming that Pulse A is a body wave spreading radially from the 
shot over a homogeneous hemisphere, its total energy is obtained by multiplying 
the figure for the energy-measure by rR°cp (refer to equation (11), which is for 
spherical spreading). R is the distance; c, the velocity of transmission; and p, 
the density of the ground. The density was assumed to be 2.7 grams per cubic 
centimeter. The computed energies at several surface distances are shown in 


Table I. 


TABLE I 
ENERGY IN SEISMOGRAM PULSES 


Energy in ergs 

A:B:C 

feet Pulse A Pulse B Pulse C 

850X 10° 170X 10° §.0 313 — 
40 I,150X10° 180X 10° 6.2 313 — 
70 530X 10° 270X 10° 2.0 $13 — 
150 47 X10° 33X10° 1.4 313 — 
180 46X 10° 10X 10° 24X 10° 4.6. 833 2.4 
400 .17X10° -58X 10° 5.0X 10° «30:1: 8.7 
450 -38X 10° 2.3X10° 9.3X10° 4.0 
500 _ -56X 10° 4.2X10° — 313 7.5 

700 _ -13X 10° 2.9X10° — $1322 
1,000 .12X10° — 31° 4.8 

1,172 .0048 X 10° 10° — 31322 


The energy of pulse B was computed in a similar manner, assuming it to be 
equal to the energy of waves of identical amplitude at the surface spreading even- 
ly over a cylindrical surface of height 63 feet (the thickness of the first layer). 
For Pulse C, it was assumed that the energy was equal to that of a wave evenly 
distributed in a layer of thickness equal to a wave length, and no energy beneath 
that depth. The predominant frequency in this pulse was about 15 cycles per 
second. Using the velocity of the beginning of the pulse, the wave length was 
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found to be approximately 64 feet. The energies calculated on this basis are also 
shown in Table I. 


PRECISION OF MEASUREMENTS 


The reliability of the results presented above is subject to the following limita- 
tions. All the calculations were made without taking into account the variations 
in seismometer and amplifier response with frequency (+3 db variation in the 
range 6 to 120 cps). Comparisons were made of the differences in energies which 
would be measured at go and 500 feet, assuming a flat response and using the 
actual calibration curves; it was found that the error introduced by assuming 
flat response was in every case less than 1 db. 

All of the seismometers were assumed to respond the same for a given ground 
motion. Calibration curves for the vertical geophones were available from the 
Geophysical Laboratory records, which showed this to be true within one decibel. 
Because of the lack of a standard with which to compare the horizontal geophones, 
these were assumed to have the same sensitivity as the vertical seismometers. 
Such tests as could be made indicate a variation of + 1.5 db at most. 

In the field, inaccuracy may have resulted from misalignment and imperfect 
leveling of the seismometers. They were oriented in position by sighting at the 
shot hole along an arrow on the seismometers, and they were leveled by means 
of a carpenter’s level and a spirit level. A five degree misalignment of the geo- 
phones would cause a 0.4 percent decrease of sensitivity to the component being 


sought, and cause a response to 8.7 percent of the motion at right angles in the 


plane of misorientation. 

The size of the charge used varied from .48 to .60 kilograms of dynamite per 
shot. This weight included the cardboard wrapper; hence, the actual charge was 
less by an unknown amount in every case. The depths of the shot holes varied 
between eight and ten feet for any given shot and they were stemmed to the 
surface with water. None of the holes was shot twice for the data used in this 
research. This eliminated the effects of reshooting in one hole. Since a new hole 
was used for each shot, the inhomogeneity of the ground from one place to another 
might be the cause of some of the scatter. Also, the large area of ground behind 
the shots, disturbed by previous detonations, might act as a reflecting surface 
and thus be the source of a part or all of the large transverse ground motion 
recorded. 

In calculating total relative energy, enough of each seismogram was used to 
represent the greater part of the total energy. Doubling the length of the interval 
for which the energy was calculated caused a change of 1% in a typical case 
tested. The ground motions at go and 150 feet from the shot were recorded using 
both resistive networks and electronic amplifiers in order to determine if the 
nature of the recording system influenced the results. The differences in energies 
computed from the records varied from o to 1.1 db. Some of the causes of the 
scattering of the plotted points are believed to be the variation in hole conditions 


ry 
= 
g 
g 
f 
4 
3 
2 
— 
& 
i 


GEOPHYSICS, VOL. XX, NO. 1 (JANUARY, 1955), PP. 53-67, 11 FIGS. 
SEISMIC WAVE TYPES IN A BOREHOLE* 


EMMET D. RIGGSt 


ABSTRACT 


Field measurements of near-surface velocity, using a multiple seismometer array within the bore- 
hole, indicate the presence of a well developed secondary event. This type of wave has been gen- 
erated under controlled conditions and from its characteristics identified as an interface type, gen- 
erally known as a tube wave. The accuracy of formation velocity data need not be influenc by this 
event if appropriate measurement techniques are used. 


INTRODUCTION 


Many of the practical problems of seismic exploration are directly associated 
with the near surface. The evaluation of near-surface effects is a constant prob- 
lem for the geophysicist interpreting seismic records. Such effects may also cause 
difficulties in obtaining accurate seismic velocity data in “‘well-shooting” surveys. 

Such surveys fall into two general classes. The first, normally used in deep 
wells requires the suspension of the detector within the borehole with charges 
shot in nearby shallow holes. The second reverses the relative position of the de- 
tector and the charge so that seismic velocity is measured between a shot in the 
hole and detectors on the surface. 

In the studies to be discussed in this paper, some experimental modifications 
were made upon these two basic methods, and an increase in density of data 
as well as in speed of operation was obtained. However, variations were dis- 
covered in the data which raised some reasonable doubts as to their accuracy. 

One of the experiments made use of multiple seismometers within the bore- 
hole. A record was obtained with this multiple array which was not completely 
the equivalent of one taken with the seismometer on the surface. If we assume 
that travel time between a point within the earth and the surface is the same, 
irrespective of whether the shot and the detector are interchanged, then the rec- 
ords obtained with the seismometer within the borehole and the charge fired 
near the surface should be similar to those obtained by the reverse process. How- 
ever, a difference in appearance of the first arrivals or first breaks was noticeable, 
particularly if the array was used within a few hundred feet of the surface. An 
illustration of this type of record is shown in Figure 1. It was taken in an open 
core hole in Kaufman County, Texas, drilled to a total depth of 390 feet, with an 
array of five small velocity-type seismometers. Figure 2 shows a check on this 


record for which a similar shot was taken with an array of barium titanate pres- 


* Presented at the Midwestern Regional Meeting of the Society November 13, 1953. Manuscript 


received by the Editor July 30, 1954. 

} The Atlantic Refining Co., Dallas, Texas. Based on material included in a thesis presented to 
the Graduate Faculty of Southern Methodist University in partial fulfillment of the requirements for 
an M.S. Degree in Electrical Engineering, August, 1953. 


53 


os 
4 
wig 
4 
on 
8 
= 
‘ 
¥ 
fs 
: 
# 
& 
= 
‘ 
3 
ad | 


52 B. F. HOWELL, JR. AND D. BUDENSTEIN 
(stemming, hole depth, variation of compaction of the wall of the hole, etc.), 
variations in seismometer placement, variations in charge size and strength, 
inhomogeneity of the ground, and variations in sensitivity of recorders as the 
batteries aged. 

The object of this research was to determine how much of the seismic energy 
generated by an explosion goes into each of the principal pulses observed on seis- 
mograms, how rapidly the amplitude of each falls off with distance from the 
source, and what is the cause of this attenuation. Numerical measures were found 
in answer to the first two questions. Much additional work must be done before 


the third question can be completely answered. 
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Fie. 2. ans survey record taken in same corehole as Figure 1. A low-amplitude first break 
is followed by a well developed secondary event which travels to the bottom of the hole and is then 
reflected toward the surface. 


Sharpe (1942) has identified a secondary event as a wave associated with the 

fluid column. Horton (1943) assumes that a similar secondary arrival may be 23 

a shear wave generated by a reflection from the base of the surface, or weathered, a. 

layer. Wells (1949) has shown that cable-borne energy may be responsible for 4 

some of the secondary events as well as for the first breaks on velocity-survey 

records taken at shallow depths. Ricker and Sorge (1951) have obtained records 

exhibiting as many as three secondary events which they identify respectively as 

a shear wave, a fluid column wave, and a compressional wave which has under- 

gone successive reflections. White and Sengbush (1952) have demonstrated the 

relationship between a fluid-column wave and the elastic constants of both the 

fluid and the solid involved. : 
The theoretical work of Lamb (1898) on the problem of propagation of un- os 

attenuated elastic waves through a fluid-filled hole in an elastic solid has been - 

extended by Biot (1952) and Somers (1953) to the specific case of the fluid-filled ee 

borehole. 


EXPERIMENTAL WORK 
The theoretical work done on the tube wave is based on the assumption of 
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390FT. 
Fic. 1. Velocity survey record taken in shallow corehole in Kaufman County, Texas. Normal 


indications for a first break from a compressional wave through the formation are followed by an 
indication of a secondary event. All records taken with 17—120 cps filters unless otherwise indicated. 


an 


sure detectors in the same hole. In Figure 1, any one of the traces may be con- 
sidered normal when examined alone. It is only when the five traces are exam- 
ined together that a secondary event is recognized. In Figure 2, the amplitude 
of the first breaks is small in comparison with the secondary event; therefore, if 
any one of these traces should be examined separately, under proper conditions 
of gain and charge size, some reasonable doubt might exist as to the arrival time 
of the first energy from the shot. 

The conclusion is soon reached that some special problems may arise in tak- 
ing velocity data with a seismometer in the borehole. The primary concern is 
the accuracy of the interval velocity data. The presence of secondary events, so 
close in time to the first breaks, raised some question as to accuracy of meas- 
urement. In addition, other secondary events have been noticed with apparent 
velocities different from either the first arrivals or the secondary events of the 
type indicated. Examination of records from deep-well velocity surveys has oc- 
casionally shown evidence of some sort of secondary event which seems confined 
to the upper portion of the well. 


PREVIOUS WORK 
The presence of secondary events has been observed and reported by others. 
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an idealized elastic material; thus an application to the near surface requires the 
assumption of an isotropic, homogeneous earth. Since the earth near the sur- 
face is obviously inhomogeneous and anisotropic, the application of relation- 
ships obtained from idealized elastic materials to earth measurements can serve 
only as an indication of some of the results to be expected. However, if a veloc- 
ity mezsured through a vertical section corresponds to that obtained through 
the same section of earth in a horizontal direction, then the assumption is justi- 
fied that there is some degree of isotropy in the small section being investigated. 
If this qualification does not hold, then the use of theoretical work of Lamb and 
his successors is not permissible, because the assumption of isotropy of the elastic 
material is basic to the entire problem. 


Isotropy Determination 


The first part of the experimental work was the determination of the degree 
of isotropy of a small section of the near surface by velocity measurements in 
both the horizontal and the vertical directions. A single 500-ft cased hole was 
available at the start of the work. This is the center hole indicated as No. 1 in 
Figure 3. A nine-inch uncased hole 50 ft deep was offset at a distance of 54 ft. 
The No. 2 hole indicated to the left of the illustration is 675 ft to the north- 
west of the No. 1 hole and was drilled to a total depth of 405 ft. After a resistivity 
log was run and formation samples were measured for density, the hole was al- 
lowed to stand open. A resistivity log was also available from hole No. 3 indi- 
cated to the right. This hole was located 1,050 ft south of the center, or No. 1, 
hole. The two electric logs from the No. 2 and No. 3 holes were almost identical, 
so the area within the vicinity of the No. 1 and the No. 2 holes was assumed to 
be laterally uniform. 

At the location of these boreholes the surface soil overlays a 10-ft section of 
Austin limestone. The next hundred feet is a uniform section of Eagle Ford shale. 
Velocity measurements made in the vertical direction in both the No. 1 and No. 
2 holes were also identical within the accuracy of the data. Horizontal velocity 
in the vicinity of the No. 1 cased borehole was determined with the geophone 
clamped to the wall of the cased hole, the charge being lowered to the same depth 
in the 54 ft offset. The results are shown in the two solid curves of Figure 4, with 
a fair degree of homogeneity indicated for the 5o0-ft section around the cased 
borehole. 


Formula for Thick-walled Tube 


One form of Lamb’s expression for the velocity of a wave through the fluid 
contained in a thick-walled tube is: | 


Pi Ky He, 


C= modified phase velocity of the wave through the fluid in the tube, 
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Fic. 3. Relative location of experimental boreholes in Dallas, Texas. The center cased hole is 
flanked on the left by a shallow cased shot hole and on the right by a 9-inch open hole. 


pi= fluid density, 
b2=shear modulus of the solid, 
k= bulk modulus of the fluid. 


¥ 
3 
§ 
"Cay 
| 
3 
a 
, 
= 


| 
q 

| 


58 EMMET D. RIGGS 


7000 
6000 
Pana 
© 5000+ 
4000 
> 3000 
FORMATION VELOCITY 
HORIZONTAL (COMPRESSION) 
1000 : HORIZONTAL (SHEAR- SV) 
VERTICAL (COMPRESSION) 
T T T T T T T 
ce) 10 20 30 40 50 60 


DEPTH IN FEET 


Fic. 4. Measured vertical and horizontal velocities for an area surrounding the No. 1 cased borehole. 


This particular form is convenient for our purpose. If we fill the cased hole 
with water, the density and bulk modulus of the fluid are available from hand- 
book data. Since the density of the formation, 2.0 gm/cc, has already been ob- 
tained from samples at the No. 2 borehole, the only measurement remaining is 
the determination of ue, the shear modulus for the formation, at various depths. 
In this case the shear modulus of the borehole wall was determined by the meas- 
urement of shear and compressional wave velocities in the vicinity of the bore- 
hole. 


Generation of Shear Waves 


A shear wave was generated in the borehole by exploding a cap in a special 
container designed to accentuate the vertical component of force. The charge 
was a single No. 8 blasting cap inserted into the open end of a heavy inverted 
metal cup which had been machined from three-inch steel stock. A pair of small 
holes was drilled near the bottom lip of this cup so that, as the inverted cup con- 
taining the cap was lowered into the water, the bottom was filled to a depth of 
more than an inch, the hydrostatic head compressing the air trapped inside the 
inverted chamber. A system of baffles was fastened to the top of the cap chamber 
to provide increased reaction to movement of the device at the moment of ex- 
plosion. The assembly is illustrated on the left side of Figure 5. Since the specific 
problem at the shotpoint was the generation of shear waves from an explosion, 
this type of cap container was devised to distort the normal, spherical, com- 
pressional pulse in such a way that a strong vertical component was developed. 
The use of a cap instead of a larger charge was necessary so that the pressure 
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Fic. 5. Arrangement of charge and three-element seismometer in cased borehole No. 1. The 
seismometer was oriented and clamped into position for each measurement of horizontal shear and 
compressional wave velocities. 


at the walls of the hole would be restricted to the elastic limits of the material. 
If this pressure limitation is exceeded, then a portion of the compressional wave 
path will be traversed at the velocity of detonation and not at the formation ve- 
locity. A small, calibrated three-element seismometer was lowered into the cased 
hole, oriented, and clamped into position at the same depth as the charge in the 
offset hole. The relative positions of the charge and the seismometer are illus- 
trated on the right side of Figure 5, while Figure 6 shows two records obtained 
with the setup. The top record was taken with wide-band filter settings, and the 
bottom was taken under identical conditions with a 17-42 cps filter. The top. 
record is somewhat obscured by a 60-cps power line pickup and noise; neverthe- 
less, an examination of either record is interesting. The pertinent data are indi- 
cated to the left of each trace. 

The first energy to reach the seismometer from the shot in the adjacent hole 
is the horizontally traveling compressional wave. This event is seen on the bot- 
tom or horizontal (in-line) trace at .o1o sec and is marked “P” on the record. 
The second event is noticed on the two vertical traces at .o21 sec and is the shear 
wave. The identification of these events is based on their relative times and the 
orientations of the seismometers on which they are detected. A series of twenty 
shots was taken at various depths ranging from ten to fifty feet. Some of the 
records show additional events which are apparently reflections from either the 
surface or the base of the weathered layer, but even so there is a consistent 
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Fic. 6. Records showing shear and compressional waves transmitted through a horizontal section 
adjacent to the No. 1 borehole. The energy source was an electric cap shot in a manner to distort 
severely the normal spherical pulse and produce a shear wave. 


time difference between the two events detected by the horizontal and the ver- 
tical seismometers. The times from shots within each ten-foot interval are av- 
eraged and plotted as the dotted line in Figure 4. From these two velocities and 
the data already available, the necessary elastic constants for the formation can 
be calculated. 


Tube Wave in Cased Borehole 


Figure 7 is a record taken in the cased hole with a No. 8 cap. The cap was 
fired under water tamping in a separate cased shotpoint offset 3 ft from the 500- 
ft hole containing the seismometer array. A monitoring system with heavily 
damped geophones was used to evaluate the energy released by each shot. The 
first energy seen on the record is from a compressional wave through the forma- 
tion. At higher energy levels, or at points near the surface, a steel-casing break 
is evident before the formation break. The secondary event follows. The first 
line-up of the secondary represents a wave traveling from the shot near the sur- 
face past the array on to the bottom of the hole and then back to the surface. 
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Fic. 7. Velocity survey test record, Dallas Caines Texas. Made in No. 1 borehole with barium- 
titanate-type detectors. Energy source was a cap shot near the surface under water tamping. 


The third line-up represents the same wave reflected from the water-air inter- 
face at the top. In an exceptional case, as many as ten passages of this wave along 
the length of the hole have been observed. Similar tube waves were observed in 
the uncased hole. 

Considering only a 50-ft section near the top of the hole, the calculated and 
measured velocities of the bound tube wave are compared in Figure 8. The cal- 
culated velocities are based on elastic constants measured in the vicinity of the 
cased hole while the measured velocities were taken in the open hole. This No. 2 
hole was originally drilled to a total depth of 405 ft and was allowed to stand 
open until the cuttings in the fluid column settled. At the time of these measure- 
ments, the fluid density in the upper portion of the hole was 1.01 gm/cc. Since 
both holes contained fluid of approximately the same density, it was possible 
to make this comparison. 3 

An indication of the effect of casing on the tube-wave velocity is obtained by 
a similar comparison of measured velocities in both the cased and the uncased 
holes. This is shown in Figure 9. An increase in velocity of about 40 percent for 
the cased hole seems to be in order since the wave is an interface type and the 
3-inch steel wall of the casing forms the junction between the fluid column and 


the formation. 
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Fic. 8. A comparison of the calculated and measured velocity of the bound tube- 
_ wave in an open borehole. 
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Fic. 9. A comparison of measured velocities of the bound tube-wave in a cased borehole and an 
open borehole under otherwise similar conditions. 


For the hypothetical case in which the formation is removed from around the 
casing and only the fluid-filled cylinder remains, Lamb (1898) obtains the rela- 


tion, 
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where C is the velocity of the tube waves, V; is the unmodified velocity of sound 
in the fluid, K; is the bulk modulus of the fluid, Z is Young’s modulus for the 
metal tube, d is the diameter and ¢ the thickness of the tube wall. For this particu- 
lar case, a velocity of 4,160 ft/sec is computed as compared with the observed 
average of 4,280 ft/sec. This reduction in velocity illustrates the effect of the 
support afforded the casing wall by the surrounding formation material. 

The marked effect of the steel casing upon the bound tube-wave velocity sug- 
gests that perhaps the seismometer array, and especially the cables used in the 
measurements, may have an important effect upon the velocity of the wave. 
This, however, is not the case. The individual seismometers have dimensions 
which are small in comparison with the wavelength, and the cross-sectional area 
of the metal in the cables is small in comparison with the area of the fluid col- 
umn. Measurements made with various types of seismometer arrays in the cased 
hole are shown in Table 1. 


TABLE I 
EFFEcT OF CABLE AND SEISMOMETER ARRAY ON VELOCITY OF TUBE WAVE 


Cable Tube-wave 
Type of Array Velocity Velocity 


. Twenty element barium titanate—1o0-ft interval 6,150 ft/sec 4,310 ft/sec 

. Five geophones in core hole—1o-ft interval 3,340 4,460 

. Three geophones in deep well—1oo-ft interval 9,000 4,340 

. Single geophone with mechanical filter 4,460 

. Miniature single geophone 1,200 454 

. Cased hole—Open fluid column 4,410 
Maximum variation less than four percent. 


Some of the characteristics of the tube wave were investigated with a mul- 
tiple array of pressure-sensitive barium titanate elements. The five crystals used 
were arranged along a radius of the borehole on a light framework so that a mini- 
mum of disturbance was offered to the passage of the wave. After the system was 
adjusted in an open tank to give equal trace deflection with the passage of a 
plane wave, records were obtained at various depths within the cased hole. The 
advancing wave front was found to be a plane wave throughout the length of the 
fluid column. 

Anderson and Barnes (1953) have demonstrated that dispersion is observed 
when a compressional wave passes along a cylindrical fluid column, but dispersive 
effects are not evident in this system. These measurements were taken with an 
optical recording system having a cut-off frequency slightly above 200 cps so that 
the ratio of wavelength of the highest frequency components recorded to the 
borehole diameter is always greater than fifty. The phase and group velocities for 
the tube wave under these conditions are the same, and dispersion is not a fac- 
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Fic. 10. A composite record illustrating the form and amplitude of the bound tube-wave at 
various depths. Made in the No. 1 borehole with pressure type detectors with a cap as a source of 


energy. 
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tor. The attenuation experienced by the wave is relatively small, and the geo- 
metric factor associated with a diverging wavefront is missing. The higher fre- 
quency components are attenuated more rapidly than the lower ones, so that 
only the low frequencies are evident after transmission of the pulse through sev- 
eral thousand feet of fluid column. 

A composite of records taken at various depths is shown in Figure ro. A varia- 
tion of trace amplitude with depth is attributed to at least two factors. The first 
is a slight change in sensitivity of the system with variation in hydrostatic pres- 
sure. This effect was established by retaking the data with a miniature velocity- 
type detector. The second factor is the phase addition experienced by the inci- 
dent and reflected pulse when the detectors are located near either the top or the 


bottom of the fluid column. 


Summary of Experimental Work 

A tube wave was generated under controlled conditions and various parame- 
ters were compared with those predicted by theory. Of more direct interest are 
the relative velocities of three types of events observed in the cased borehole: 

1. The highest velocity is that of a compressional wave, propagated down the 
steel casing, and commonly referred to as a casing break. This energy trav- 
els through the metal with the compressional velocity of steel and is modi- 
fied only slightly by the presence of the formation or the borehole fluid. 
This energy is propagated through the steel at about 15,500 ft/sec and is 
the first indication of energy on the trace if the energy level is high enough 
for it to be seen at all. 

2. The second event is the compressional wave through the formation. The 

velocity of this wave increases from 5,000 to 6,500 ft/sec with depth. 

The third event is the tube wave, which travels with an average velocity 
of about 4,300 ft/sec. 

A plot of these three events is shown in Figure 11. It is to be emphasized that all 
three events are present and will be seen on the record if the proper charge size is 
used. The observed amplitude of these events, in decreasing order, are the tube 
wave, the formation wave, and the casing break. All detectable effects of cable- 
borne energy were eliminated from the measurements with the aid of various 


types of mechanical filters. 


3- 


CONCLUSIONS 


Our experimental work indicates that the tube wave does not have an impor- 
tant effect on the accuracy of velocity determinations in boreholes. Care must be 
exercised, however, in choosing the relative location of the shotpoint and the size 
of the charge used. The ratio of tube-wave to formation-break amplitude is usu- 
ally increased as the near-surface shotpoint is moved closer to the borehole con- 
taining the array of seismometers. In fact, it is possible to detonate a match-head 
cap at the fluid surface of the borehole and produce an excellent tube wave with 
no indication of energy transmitted through the formation. No detectable differ- 
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pendulums or to that of a series of weights suspended on springs. None of the 
spurious movements observed have velocities sufficiently high to interfere with 
the recognition of the compressional wave through the formation. 

The transmission of energy through the cable is generally the most important 
factor that determines the accuracy of data obtained with detectors within the 
borehole. Either sufficient attenuation of cable-borne energy or methods of signal 
delay are required to insure that the first breaks are from the formation and not 
from the cable. 
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Fic. 11. Vertical travel time curves for various events measured in the No. 1 cased borehole. 


ence in the time of the pick has been observed between pressure and velocity type 
detectors, if the gain of the two systems is approximately equal. 

A close examination of Figures 1 and 2 will show that tube waves generated in 
the same borehole and measured over the same interval may not always show 
equivalent velocity. The difference provides an example of the effect of density 
of the fluid column. One record was taken immediately after the hole was drilled, 
but the second was made after a lapse of time during which the cuttings settled 
into the portion of the borehole where the geophones were located. By the same 
token, an open borehole which does not have a clearly defined reflecting surface 
at the bottom may not produce a very pronounced reflection of the tube wave. 
A similar effect has been observed on deep-well velocity records. Evidence of a 
tube wave has been detected in or near the surface oane, but its existence much 
below that point was not established. 

There are other types of secondary events which have been recognized on 
well-survey records. Most of these waves occur at a time on the record sufficiently 
removed from the first breaks to preclude any possibility of interference with the 
events of interest. Some of these events may include both compressional] and shear 
waves generated by reflection from the base of the weathered layer. There are 
still other types of secondary events which defy a simple explanation. An array 
of seismometers suspended within a liquid-filled borehole may undergo compli- 
cated motion in a manner somewhat analogous to the motion of a series of simple 
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ABSTRACT 


The pu of this paper is to discuss field and interpretive techniques which permit, in favor- 
able cases, the quite accurate determination of seismic interval velocities prior to drilling. A simple 
but accurate formula is developed for the quick calculation of interval velocities from “average 
velocities” determined by the known x-7? technique. To secure accuracy a careful study of multiple 


reflections is necessary and this is discussed. 
Although the principal objective in determining velocities is to allow an accurate structural 


interpretation to be made from seismic reflection data, an important secondary objective is to get 
some lithological information. This is obtained through a correlation of velocities with rock type and 


depth. 


INTRODUCTION 


Reflection measurements of seismic velocities, using only data taken near the 
surface of the ground, have been made for many years (Green, 1938). Continued 
study of this problem has led to several notable publications (Steele, 1941; Gard- 
ner, 1947; Hansen, 1947; Hansen, 1948; Savit, 1951; Widess, 1952; Brustad, 
1953; Pflueger, 1954). I presented the central formula (equation (12) below) at 
a meeting of the Deutsche Geophysikalische Gesellschaft in Hannover in October, 
1953, and was informed there by Dr. H. Diirbaum that this same formula was 
a special case of a more general one presented by him at the May, 1953 meeting 
of the European Association of Exploration Geophysicists in Paris. I am grate- 
ful to Dr. Diirbaum for making his manuscript available to me prior to its pub- 
lication (1954). Since my treatment is very much more elementary than his and 
is a little closer to the practical exploration problems, I decided to proceed with 
its publication. 

I became aware of the theoretical possibilities of determining seismic veloci- 
ties from reflection records twenty years ago. But it was Curtis H. Johnson and 
N. R. Shade who in 1941 called my attention to the remarkable accuracy it was 
possible to obtain if the field work was carefully arranged. The field work was 
done by Western Geophysical Company, which had been doing this for some 
years. Early work (1938) was also done by G.S.1., under Frederick E. Romberg’s 
initiation and direction. 

A sound, but rather laborious, procedure of interpretation by successively 
determining interval velocities from the top layer downward was developed and 
used by me in 1941. From 1941 onward to 1948, I received much help from con- 
versations with Curtis H. Johnson, N. R. Shade, Wylie R. Price, Jr., Robert 
Woods, John A. Legge, Jr., John J. Rupnik, Robert H. Mansfield, Maynard W. 
Harding, John Woolson, and Ethel W. McLemore. The idea of working in the 


* Manuscript received by the Editor April 19, 1954. 
ft California Institute of Technology, Pasadena, California. 
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neighborhood of zero horizontal distance was developed and used by John A. 
Legge, Jr. about ten years ago. 

It would be much better if I could present an example to accompany the ma- 
terial that follows. This may be possible in the future. An example would have 
the great merit that a clear distinction could be made between simple idealized 
theory and the practical application of this theory. I am presuming that many 
of my readers will have available data that can serve for an example. The theory 
to follow gives most of the organizing framework which can guide practice. 


FIELD TECHNIQUE 


The field technique has been described by Hansen (1947). This technique 
has been used several years prior to 1941 by Western Geophysical Company and 
was used by Romberg in 1938. It is a natural extension of continuous profiling. 

Geophone Spread 


I 


First Shot 


bc 
Geophone Spread 
I fe) I 


Second Shot 


ABC 


Geophone Spread 


W 0 I 


Third Shot 


BC 


Fic. 1. Three steps in field procedure of velocity reflection profiling, showing 
time ties due to ray-path reversal. 


The objective of the technique is to secure a large horizontal distance from source 
to receiver so that the slope of the «?-T,? graph may be determined with some 
accuracy (Dix, 1952, p. 124-126). This is done by the following combination, 
illustrated in Figure tr. 

The first shot is a regular symmetric split. The second shot is linked to the 
first via the time from S.P. 0 to C to S.P. I and the reverse. The third shot is 
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linked to the second via the time from S.P. I to A to S.P. IV and the reverse. This — 
gives a continuously-tied range of distance, x, from o to the separation between 
S.P. IV and S.P. III. 

By exchanging positions about the central line, 0B, we obtain another set 
of continuously tied records. But each new such record is also tied to one of 
the former set with respect to a ray reflected at the center point, B. 

This procedure can clearly be generalized to 7, 9, or any odd number of shot 
holes. 

For more complete information, especially as regards dips and curvatures of 
reflectors, a regular continuous profile from S.P. IV to S.P. III would be re- 
quired. 

Clearly every means possible should be used to make the datum correction 
for every trace as accurate as possible. For this, up-hole (or down-hole) shoot- 
ing, and possibly, also, shallow refraction surveying, should be used, together 
with first break information, on all records. 

It is helpful for the interpreter if the instrument operator orients his records 
in such a way that all of them can be laid out on a table with bottom traces tying 
to top traces. This requires, for example, reversal of the orientation on the sec- 
ond shot (Fig. 1) with respect to the first. Then the orientation is again reversed 
for the third shot relative to the second. 

It is most essential to shoot so that the above-described time-ties can be used 
and also to obtain good data for the datum correction. 


PLANE REFLECTOR, ZERO-DIP CASE 


First Layer 
This case has been well understood for many years (Green, 1938). Here we 
find 


(1) 


where 7, is the reflection time at distance x and V is the velocity, so that if we 
plot x? as abscissa and T;? as ordinate we get a straight line of slope 1/V? with an 
intercept 7,?. The depth (or thickness) of the first layer is 


Az, = VT 0/2. (2) 


T = To? + (1/V")x?, 


Second Layer 


Let us look at this problem first in its simplest form. Suppose we have two 
layers of constant velocity V; and V2. Suppose we have already determined V; 
and Az, by equations (1) and (2) above. Suppose further that we have x’, T,? 
graphed for the second reflector. This will not plot as an exact straight line 
(unless V2=V;) but will instead be a curve very slightly concave toward small 
values of T,?. Reference to Figures 2 and 3 will show the true situation very 
clearly. If we were always to calculate the time over straight paths, as typified 
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by SABAS and SCDEF, then the corresponding x?,7,? graph would be an exact 
straight line, say JK in Figure 3. But, for a geophone at F the least time path is 
say SGDHF and this corresponds to a shorter time than the path SCDEF. So 
the least time plots at L below K. The effect is smaller for smaller x’s so that the 
line JK and the curve JL are tangent at J. 


x? 


D x; 


Fic. 2. Two-layer case showing straight ray Fic. 3. x*,7,* graph curve, JL, with tan- 
paths through C and Zand minimum time paths gent line at J, JK, and tangent line at L, ML. 
through G and H. 


We shall solve the problem by removing the effect of the upper layer. First 
we need the angle #; between FH and the vertical (Fig. 2). We know that 


sin B,/V; = dT ,/dx. (3) 


If we could determine V; (which we now assume determined) and dT,/dx, we 
could use equation (3) to determine #;. A direct determination of dT,/dx would be 
to replace the derivative by its approximating difference quotient AT,/Ax. But 
as the T, vs. x graph is curved we must keep AT, down to, say, about 0.010 
second or the chord will not be a good approximation to the tangent. AT, re- 
quires two time measurements, each with an estimated probable error of + 0.001 
second in favorable cases, which would correspond to a probable error for AT; 
of +0.0014 seconds or about 14%. Even under favorable circumstances, this 
would lead to at least a 14% probable uncertainty range for sin A; if (3) is used 
directly. This leads to far too great an uncertainty for B; if we are to use it to 
calculate V2 with good accuracy. 

To avoid this difficulty we draw the tangent to the x?,T/ curve at x; (which is 
easy to do because this curve is so nearly straight). We get the dashed straight 
line LM, which has the equation 


T 2? = M + (1/Va,7(%1))?. (4) 
Differentiation of equation (4) with respect to x gives, at x=%, 


T dT = (5) 
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Using equations (3) and (5) we get 
sin By = %1Vi/(T 2V,?(41)). (6) 


Equation (6) gives @; in terms of quantities all of which can be measured with 
very high precision compared with that obtained by calculating dT,/dx from 
AT,/Ax. 

From {:, SG and FH can be computed. So we can compute the time to be 
removed from T, to give the time from G to D to H. This gives (7:)r (or T; 
reduced). Also from (;, 2AG can be computed, and this can be subtracted from x 
to give (x)r (or x reduced). 

If we plot (7.)r? against (x)p” we get a straight line whose equation is 


= (To)r? + (7) 

The slope gives us V2 and the intercept gives us (To)z and the thickness of the 
second layer is 

Az. = V2(To)r/2. (8) 


The above calculation can be replaced by one which is somewhat simpler and 
much easier to apply. The above calculation does however show the principles 
involved in a very clear way; a generalization of this is readily extendable to 
more complicated cases. We now consider the simpler calculation. 

Note that the 2,7 graph (Fig. 3) may be carried right down to the im- 
mediate neighborhood of J. Indeed the tangent at J is easier to find than the tan- 
gent at L because the curve is straighter at J than at L. 


Fic. 4. Geometry of the down-traveling ray for the case of arbitrarily small x and no dip. 
Refer to Figure 4. Let Azi=AT,Vi/2 and Az=AT2V2/2 define AT; and AT; 
respectively. Then 
%1 + = AT,V;, tan 6; + AT2V; tan 62 
sin 0; + AT.V,? sin 0;/V; 
(VAT; + V2?AT2) (41 + %2)/(Va.2(0)T 2). 
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Divide through by %-++x2. Then take the limit as %,++-%,—0 and the above be- 
comes exactly (after multiplication by V4,?(0)(A7:+-A7>2)) 


Va2(ATi + = + V22AT>. (9) 


This shows precisely what kind of average V4,(o) represents. Also (9) can be 
solved for V2, since all other quantities in it are known. 

Note that equation (9) is only valid near x=o. If the reflections are such that 
we cannot work near x=o we must not use (9) as it is not valid for large x. If 
we are forced to use large x’s exclusively, the best procedure I know is to revert 
to the rather painful process leading to equation (7). I have never encountered 
this need in practise excepting in the case of an occasional transverse-wave-type 
reflection. 


n Layers 
This result may be readily generalized to m layers. In fact the same procedures 
show that, exactly, 


Va? >, AT: = >, VeAT,, (10) 
1 1 
and 
n—1 n—1 
> AT; = VPAT;. (11) 
1 1 
Subtract equation (11) from (10) to get 
n n—1 
= AT; | is ar.) /AT). (12) 
1 1 


This result shows that errors made on earlier and later interfaces have no effect 
on the nth interval velocity. If, for example, Vain_2)? corresponded to a multiple 
but was included by mistake, this mistake would have no effect on the calculation 
of V,. Such errors are not cumulative. One may note also in passing that the 
necessary and sufficient condition for V,= Va, is that Va,=Va,_,. 


Correction to Beginnings of Reflections 


We have tacitly assumed up to this point that reflection times are minimum 
travel times from datum level at the source to reflector to datum level at the 
geophone. This is not correct, as, in practice, we are not able to pick the begin- 
nings of reflections. So we try to make a correction. This correction is clearly a 
weak point in an otherwise remarkably accurate procedure. However, as we shall 
see, depths are not very sensitive to errors in timing and interval velocities may 
in some cases be found with very good accuracy in spite of this difficulty. For 
other sources of error, see the discussion by Widess (1952). For very careful work 
the correction for x at the datum ought to be included. 
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Suppose we work with a good reflection. For each trace we pick each peak 
and trough. The corresponding T,’s are squared and plotted against x”. We then 
have a series of V4?’s for this reflection. We can get an idea of the variation of 
V2 with To. Our interest is in limiting values of V4? and TJ» as we approach the 
beginning of the reflection. 

Now we may look at the problem from another viewpoint, making the hy- 
pothesis that the shape (or character) of the pulse does not change with x. Then 
if the first reflection is being picked at 7,, we estimate this time is 6 too large. 
Then the corrected V,? will be 


(Va)s® = — 8)? — (To + 8)*} + (13) 


So the hypothesis of unchanging shape is equivalent to the supposition that 
V 42 depends linearly on 6 (measured say near x=o). Whether or not this hypothe- 
sis is correct can be determined by picking all peaks and troughs and plotting 
as outlined in the preceding paragraph. Usually the deviations from the hypothe- 
sis of uniformity of shape do not appear to be significant, so we use this hypothe- 
sis. Its use should be restricted to a limited range of angles of incidence near zero, 
as otherwise it simply is not correct. 

Notice in equation (13) that the effect of the 5-correction is always to increase 
(V4)s. We find then that, for example, 


(Azi)s (Va)s(AT, 5)/2 Va(1 + 6/AT))AT;/2 
~ Az,(1 5/2T»). (14) 


Thus the corrected depth differs from the uncorrected depth by half as much as 
it would if the V,? had not been influenced by the correction. If we extract the 
square root of both sides of (13) we find that the velocity also is changed by the 
same percentage but in the opposite direction. The factor 1/2 which occurs in 
both corrections removes some of the damage done by the uncertainty of 6 but 
not enough in case the reflections are very good. 

In case the reflections are very good it may be worth while to measure the 
variation of V4? by the direct method outlined above, since deviations from the 
hypothesis of uniformity of shape with x usually appear to be in the direction of 
minimizing still further any errors in Az due to uncertainties in 6. 


Relative Corrections and Interval Velocities 


The situation here is not nearly so bad as it was in the last section. Here we 
have again to deal with corrections to the beginning of reflections. But now our 
corrections must be applied to two successive reflections and our primary interest 
is to minimize the relative errors in these corrections. 

Referring to (12), if the actual correction made is 6; and the true correction 
6,7 and A;=6;7—6, for the ith reflection then let us compare the true squared 
interval velocity, (V,7)? with the corrected squared interval velocity, (V,)*. 
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After some reductions we find 
(Vat)? = (Vn)*%(1 + (An — An—1)/AT,). (15) 


Thus the percentage error is measured by (A,—An-1)/ATx. AT; is the vertical 
interval reflection time between reflectors and is usually not very large, perhaps 
of the order of o.1 second. When the (w—1)st and mth reflections are good enough 
so that corresponding phases of them can be accurately matched, then A,—An_1 
can be reduced to something like 0.005 second. Then in such a case the error in 
measuring V,,” would be about 5% and that in measuring V, would be about 2.5% 
The reader will remember that this estimate of accuracy is made assuming ideal 
conditions of plane non-dipping reflectors bounding homogeneous strata. The 
accuracy could not be as good as 2.5% in an actual case. 

But one is easily led by these considerations to hope that even when AT, 
0.025 second, if A,—A,-1 can be kept down to 0.005 second, the error in Vp 
will be ideally 10% and practically less than, say, 20%. However this hope must 
not prevent a strictly objective assessment of the range of uncertainty at the end 
of the work. 

It may come as a shock to some that 20% accuracy is regarded as good. 
Remember, however, that 0.025 seconds time interval is very small—it corres- 
ponds to an interval of the order of 100 feet thick. In ordinary well shooting for 
velocities, comparable accuracy can be achieved only with comparable care. With 
more recent sonic logging techniques much greater accuracy can be expected. 
Remember, we make the assumption that no well is available. 

In the struggle to minimize A, — A,_1, every device that will improve accuracy 
should be used. Basically what is wanted is to determine the shape of the recorded 
signal pulse. I usually try to do this by tracing this shape as best I can on a piece 
of transparent plastic. I try to average out noise effects as much as possible. 
This somewhat unsatisfactory operation can be much improved by adjusting 
times for shallow irregularities and also for regular changes due to variation of 
angle of incidence and to dip (if present) and then averaging (or mixing). This is 
the type of operation that has been so fruitful in studying daily variations of the 
earth’s magnetic field. A reproducible recording mechanism is clearly very useful 
in such an operation. However, if the interpreter has some understanding of the 
characteristics of his instruments and the reflections are reasonably good, with 
very few oscillations (obtained by using a minimum of filtering), the tracing 
procedure is usually sufficient to permit one to identify positive and negative 
(relatively speaking only) reflections and so make a fairly accurate correlation of 
common phase positions on adjacent reflections. In this one must try to extract 
from the data a maximum of extractable information. 

When one has made such a study, one must then confront the positive, nega- 
tive sequence with the interval velocity sequence. If the densities do not change 
appreciably in successive layers, then a negative reflection must correspond to a 
decrease of velocity and a positive to an increase of velocity with increasing depth. 
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From this one can usually determine the absolute signs of the reflections. When 
an inconsistency remains, one then has to appeal to the fact that the sign of the 
reflection depends, not on V, but on pV, the product of the density and velocity. 
Reasonable variations of density must of course be permitted. 


Multiple Reflections 


Any multiple reflections which are present will of course be first picked and 
interpreted as if they were not multiples. This will often lead to an absurd result 
when equation (12) is applied blindly. When an absurd result is obtained, the 
first order of business is to search for the cause. If care has been used to eliminate 
various disturbing effects, then the two most probable causes of trouble are 
usually (x) mistakes in calculation and (2) multiples. Clearly (1) must be first 
eliminated as a possibility before (2) can be very seriously considered. 

Although every reflector produces multiples, except in very unusual cases of 
focusing, the multiples that are easily picked are those involving a reflection from 
either the ground-to-air interface and/or the interface between the low velocity 
weathering and the higher velocity layer below. The ground-to-air interface re- 
flects nearly 100% of the energy coming up to it. It is not unusual for the base of 
the low velocity to reflect 50% of the pulse coming up to it. Therefore we would 
expect one or both of these shallow interfaces to be involved. 

Some of the more probable multiple possibilities are indicated in Figure 5 
Cases (c), (d), (g) and (k) correspond to what we shall refer to as simple multiples. 
More specifically, these cases correspond to simple doubles. Among the simple 
doubles (c), (d), and (k) involve two extra paths through the low-velocity 
weathered layer. Cases (a), (b), and (1) involve an initial upward propagation. 
But (a) and (b) differ by the time from shot up to base of the low-velocity layer 
counted only once. 

It will be clear that among the doubles one may expect types (a) or (b) to be 
stronger than types (c) or (g). Types (b) and (i) are to be classed along with 
(a). Types (e) and (f) are equivalent as far as times are concerned but may be 
different with respect to pulse shape details. Types (e) and (f) should be inter- 
mediate in strength between (c) and (d). 

In cases (j) through (m) a shallow reflector not detected as a single is shown at 
(S) to (S’). Such a failure to detect a shallow reflector occurs quite frequently 
because these are not usually regarded as having any interest. However, for velo:- 
ity profiling it is very necessary to try to detect such reflectors. This requires 
shooting a small charge at the center shot—often only a cap. Sometimes a hidden 
shallow good reflector can be inferred from the velocity profile. The great danger 
to the interpretation due to such multiples is that (k), since it comes in so early 
on the record may not even be suspected of being a multiple. It is difficult to 
guard against this kind of error except by getting the single from (S) (S’). 

In interpreting multiples the shape or character plays a major part. For any 
reasonably small range of times, about all we can hope to be able to detect is the 
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(b) (c) (d) (e) (f) 


~ ~ 
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(a) 
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Fic. 5. Various multiple-reflection paths. 


sign + or —. But we must be able to make this analysis—otherwise we have to 
make a series of alternative hypotheses and select the hypothesis least in conflict 
with the other related interpretive results. Such an elimination process must be 
carried out where weak reflections are involved, as is quite often the case with 
multiples. 

One characteristic of simple doubles is that they are always negative. This 
useful fact may help in making an analysis where the sign is otherwise difficult 
to fix. : 
A characteristic of multiples involving initial upward propagation (as (a), 
(b), and (1)) is that they are sensitive to shot depth and are usually most reliably 
detected by means of this. An otherwise difficult separation of (a) and (b) may be 
made on this basis. 

If the multiple is made by a reflection at the ground-air interface, two pas- 
sages through the low-velocity weathering are involved. Thus double the layer 
above datum is added and this influences V4’. A time correction along rays must 
be made. But this correction supposes the validity of geometrical optical principles 
which are known to be only very roughly valid. Such a correction has to be 
smoothed or the weathering irregularities, being doubled, will introduce more 
irregularity than can be allowed to exist. These irregularities are certainly intro- 
duced in the double passage through the weathering but they are to a great 
extent smoothed out physically in the subsequent downward and upward propa- 
gation processes. 
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Now let us consider how some cases appear in the interpretation. 

Cases (a), (b), (h), and (i) are most likely to be uncovered when the corres- 
ponding single is regarded as the (n—1)st reflection and one of these as the nth, 
using equation (12) to find the “interval velocity.” In case (a), this interval veloc- 
ity will be approximately the average velocity from the shot level to the ground 
surface. In case (b) this will be approximately the average velocity from the shot 
level to the base of the low-velocity layer. In cases (h) and (i) this will be approxi- 
mately the average low velocity of the shallow layer. 

Cases like (c) correspond to such low V4?’s that when used in (12) they may 
lead to negative V,”’s and imaginary V,’s! But, in addition, one should be able 
to verify the fact that they are multiples by showing, with some precision, just 
what singles generate them (the exception is given by cases like (j) through 
(m)). Thus we should be able to interpret (c) in terms of double the corresponding 
single section plus double the layer from shot level to the surface of the ground. 
The principal uncertainty in this calculation is 6, and 62, the two corrections to 
the beginning of the single and the double respectively. Sometimes the relative 
corrections can be accurately made (say within +0.005 seconds) but their abso- 
lute values are not known. It is then possible to add to 6, and to 4 the same 
correction term 6, and solve for 6, on the hypothesis that our interpretation of the 
relation of single to multiple is correct. If we get a reasonably small (say less than 
+0.020 seconds) value for 6, in this way, we may regard 6,+6, and 5.+6, as prob- 
ably closer than 6; and 4 as the absolute (approximate) corrections to the re- 
flection beginning. 

The study of the multiples can thus be turned to give more information about 
the singles and so instead of being a nuisance may be converted into a useful tool. 
This optimistic statement cannot be made in many cases because disturbing 
factors are too strong to permit such a sharp view of the situation. However, 
this fact need not prevent very accurate interpretations where the records do 
permit such results. 


DISTURBING EFFECTS 
Thus far we have supposed no dip, no curvature, homogeneous layers—that 
is, the simplest ideal situations. Some disturbing factors can be taken into account 
and their effects reduced. Methods of attacking such problems are now considered. 
Dip 
A correction for dip has been given by Gardner (1947) which is directly ap- 
plicable to our case also. He does not give the derivation so I supply it below. In 
triangle S;S17S;’ (Figure 6) note that 
(S11S1’)? = = + sin 6 
= 2? + V°To? + x? sin? 6 — 2VTox sin 0 + 2VTox sin 0 — 2x? sin? 6 
= V*To? + x? cos? 0 
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or 
T 2 = To? + (cos? 6/V?) x?. (16) 


So if we plot 7, against x? cos? @ the slope will give us 1/V?. 

Or if we already have the x’, T,? plot then the slope gives cos? 6/V? and if we 
can find @ we can then find V. M. B. Favre (1953, personal communication) has 
shown how @ may be computed without knowing V, from time data alone. This 
result one gets as follows. From the split with shot point at So with geophones 
from S; to Szz one gets 


sin = (V/x)(Ton® — Tor*)/2To (17) 
and from equation (16), 
cos = (V/x)(T — T?)1/?. (18) 
Dividing equation (17) by (18) one obtains Favre’s relation 
tan = (Tom? — Tor”)(T 2? — (19) 


I had formerly made the calculation by a successive approximations procedure. 
For the first approximation let @=o0 and calculate (V), from the slope of the «?- 
T? graph. Then using (V), calculate (@)2 (the second approximation to 6) from the 
approximation to (17) 


sin (0). ~ (V),AT/x. (20) 


Then (V)2=(V)1 cos (6)2 gives the second approximation to V. And so on. Usually 
the second approximation is good enough. But Favre’s formula or its approximate 
expression 


tan 6 = AT(T,? — To?)-/, (21) 


is better. 

The above considerations apply strictly only to one layer. For the second 
layer we have the AT of the second reflection at S.P. o which gives, in the plane of 
the survey, the direction of the ray issuing from and returning to So. The general- 
ization to three dimensions can also be carried through (Dix and Lawlor, 1943; 
Diirbaum, 1953). The calculation made with reference to Figure 4 above is really 
a calculation to determine the limiting radius of curvature of the symmetric 
x-T, graph at x=o (“symmetric” refers here to the symmetry of S; and Sy 
with respect to So in Figure 6 and the symmetry is not exact but only is true to 
first order in x). We can thus compute the removal of the first layer and the prob- 
lem is reduced to that of computing the second layer. For the finite cas? it is good 
to have regular continuous-profile data along the line of the survey because this 
permits shifting of the center time to its proper position of symmetry in the 
second layer. 
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The above outline applies to any number of layers. I shall not clutter the paper 
with the slightly painful details. 

However, the special case in which the reflecting interfaces are all parallel 
is especially simple and also somewhat important so we look at it briefly here. 

Refer to Figures 7 and 4. To first order in x(=2%1+4), if we add to T,2 (means 
T, shot toward right) the time x sin @/V; and use x cos 6 in place of x we reduce 
the problem to the zero dip problem excepting that we have lost our symmetry. 
Using the same x and shooting toward the left (not shown), we have to replace 
x by x cos @ and 7,, (means T, shot toward left) by T,,—x sin 0/V;. We again get 
a reduction to the case of Figure 4 but without symmetry. By averaging these two 


x 


Fic. 6. Geometrical arrangement used for calculation of the dip correction when the distance 
from shot to geophone increases symmetrically about a center point, So. 


cases we again get symmetry. In this way we see that equation (16) may be ap- 
plied to all reflections. But x does not appear in equation (9), so x cos 6 does not 
appear there also (actually the effect of @ is only hidden in Vi). Thus if V; is 
properly computed, (9) and (12) may be used for the other layers just as they stand 
if the other reflectors are parallel to the first. 

The process I have used in the general case (starting with the second layer 
problem) is to assume parallelism of the first and second reflectors as a first 
approximation. Using this first approximation to the velocity (in the second layer) 
and the split AT for the second reflector, then calculate the first approximation to 
the angle between the first and. second reflector. With this angle the reduced 
problem for the second layer can be made symmetric so that Gardner’s relation 
(16) may be applied to compute a second approximation to the velocity. This 
process is continued until further changes, with successive steps, of Vz and the 
angle between the first and second reflectors become negligible. — 

The procedure outlined in the above paragraph is clearly applicable to any 
number of layers. 

It may be interesting to note that in a regular continuous profile a type of cor- 
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Fic. 7. Geometry needed to handle case of parallel dip with arbitrarily small 
distance from shot to geophone, 2+ 22. 


rection for shallow velocity variations is often useful. For example, in parts of 
Canada it is useful to use an especially deep datum because important velocity 
variations exist in the relatively shallow layers that are below the ordinary low- 
velocity layer. The field set-up is shown in Figure 8. From the figure one may 
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S; 
Fic. 8. Shot-to-shot tie over a plane dipping reflector. 


show that if To, and Ty are the times from shot points S; and S; for zero geophone 
distance (corrected toa shallow datum) and 7, is the time from 5; to S; a distance 
apart, then 
Vi= — Tn T 02) (22) 


exactly (Pflueger, 1954, p. 339-340). But this formula, which is correct for plane 
reflectors, is very sensitive to curvature, which we now proceed to consider. 


Curvature 


The effect of curvature in the general case is most difficult to correct. In prac- 
tice graphical methods have been used. 
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Two cases may be distinguished, namely (a) the case where the reflector is — 
concave upward and (b) where it is concave downward. If there are no buried foci 
the calculation for the first layer by (1) using the field set-up of Figure 1 is not 
affected by curvature. Similar remarks apply to deeper layers also. 

For the field arrangement discussed at the end of the preceding sub-section 
(Fig. 8) the effect of curvature is very important. The situation may be understood 
by reference to Figure 9 in which S, and S; are two shot points, C is the center of 


Cc 


Fic. 9. Shot-to-shot tie over a curved non-dipping reflector. 


curvature of a circular cylindrical reflector RiR.R2 of radius of curvature CRi=p. 
Let V be the true velocity so that S:Ri= VT 1/2, VT 02/2 and S:R.= VT;/2. 
So in triangle S;AC we have 


(op — VTo01/2)* = + (p — AR,)? (23) 
and in AR,S; 
(AR.)? = (VT 2)?/4 — x?/4. (24) 
If we eliminate AR, and solve for p we get 
p = (V/4)(T? — — — Tor]. (25) 
If we write 
V2 = — (26) 


we can rewrite (25) as 


p = (Vx2/4V2)/[{ To? + x%(1/V? — 1/V2)} — Toa]. (27) 
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The same relation is obtained if the curvature is reversed. The sign of the curva- 
ture is automatically taken care of by equation (27). This result is quite useful 
for making corrections which are relatively shallow but still below the ordinary 
shallow weathering datum. In Figure 10, 0—S is a line of shot points. For each 
adjacent pair of shot points, 1/V? is measured according to equation (26). Be- 
tween each such pair we plot the value of 1/V? as ordinate. Then we draw a 
smooth curve (possibly a straight line as indicated) and let the smoothed value 
represent 1/V?, From To and 7 and V, the center of curvature is found and p 
is found, so one can easily draw the circular arc representing the average curved 
reflector for each pair of shot points. If we use reasonably good shallow reflec- 
tions with large enough x values these circular arc segmenis will fit together 
reasonably well and we shall have a basis for making a deep datum correction. 


Yas 


Fic. 10. Cross-section showing continuous profile line with shallow curved reflector and the 
plot of 1/V? points used for curvature calculations. 


There are dangers in the blind application of this method. If the shallow 
reflection is too deep the method will probably make a serious over-correction 
because of a tendency for diffraction effects to smooth out irregularities that origi- 
nate at appreciable depth. Clearly also the correction will vary with dip from re- 
flection to reflection on the same spread if there is an appreciable variation of dip. 

The objectionable hypothesis has been made that we are dealing with a veloc- 
ity, V, that is (a) smoothly varying laterally and (b) not variable vertically. Signif- 
icant failure of either of these conditions may seriously distort the interpretation. 
My attitude is that, to be very serious, these failures should show in the data. 
For example, a sudden change in V (laterally) should show in the plot of 1/V? 
as shown in Figure ro. A serious failure of (b) should be expressed in terms of 
serious incoherence between the deep and shallow interpretations. But if neither 
of these failures is detectable, then one may suppose that actual deviations are 
not important. As always, one must look for weak spots in the interpretation and 
seek an understanding of their causes. 

Now we go to a short discussion of the effect of buried foci. 

First, how do we detect such effects? The best way seems to be to note first 
that for a fixed x (distance from shot point to geophone) there are two times, 
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one corresponding to shooting toward the left and the other corresponding to 
shooting toward the right. Let these be respectively T,, and T:r. Then we may 
write T,?= 7, ,:Tzr for each trace distance. As buried foci are more likely to be 
encountered at larger x’s (Dix, 1952, p. 363), we watch the plotted points on the 
x*-T,? plot for rather abrupt systematic deviations from an almost straight line. 
The main reason to plot every trace on the x?-T,? graph is to detect such effects. 
Physically, the effect of a buried focal line (Dix, 1952, p. 361-362) is to shift the 
phase forward for all spectral components of the pulse by 1/4 wave length. But 
the foci are associated with points on the reflecting surface other than the point 
of least reflection time and these other points may not be where the curvature of 
the reflector has buried foci at all. The effect is only rarely clear-cut in field prac- 
tice, so it may not appear as abruptly as the simple idealized view presented above 
might indicate. 

Our purpose is not to correct for focusing effects but to avoid being led astray 
by them. This is usually possible by a careful use of the x?-7,? plot, using every 
trace and referring to the records. When such influences appear we simply avoid 
using the corresponding points. 

An irregular trend of x*-T,? points will usually not be due to buried foci 
shooting in both left and right directions but only in one of these, at least for the 
smaller x-values. This is due to the fact that, except for the center traces, the 
points of reflection shooting toward the right and toward the left are different for 
the same x-value. 

Thus far we have referred to curvature effects as if only one layer were in- 
volved. If one wishes to correct for effects in deeper layers, then a careful graphi- 
cal interpretation seems almost necessary. However, an aquaintance with the 
main tools of geometrical optics has some value. The matter is best studied by 
regarding the central point of reflection as a source and studying the upward 
propagation from this point in an axially symmetrical corresponding optical sys- 
tem. These matters are the subject of many treatises and will not be discussed 


here. 


Miscellaneous Disturbing Effects 


One of the most important of these is background noise. This may be due to 
surface waves, interface waves, many small reflections, wind, etc. This noise 
generally means that times are readable with an accuracy of approximately 
+0.002 second, to cite a fairly frequent practical situation. Thus if T,=T7, 
+0.002, then T’?=T,?+ 0.0047, so that the scatter on the plot is proportional to 
T.. Thus the uncertainty in both the slope and the intercept increases with T,. 
The situation is not quite this bad, actually, since for the deeper reflections larger 
x ranges can usually be used, the main limitation here being associated with the 
angle of reflection. 

Disturbances due to drilling fluids in the weathering, due to “hole fatigue,” 
due to “geophone plant” variation, due to instrumental variations may all be 
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serious. The first three effects are difficult to account for but may be reduced with 
special care. The last is a question of good engineering in the instruments. This 
is usually cared for better in the high frequency range than in the low range. This 
fact may cause trouble in handling the deeper reflections. One of the best ways 
to detect this effect is to make an indicial record (Dix, 1952, p. 374-379) and 
make sure that the indicial responses match on the lower frequency rear end of 
the recorded pulses as well as in the beginnings. This places a severe requirement 
on the geophones but not an unduly severe one. 

Perhaps the worst disturbing feature is lack of simplicity of geological struc- 
ture. Clearly a fault or a sudden change of dip or almost any but the most simple 
undisturbed bedding will cause much trouble. Usually such trouble is easy to 
see—if at all serious it is likely to render the survey useless. 


ACCURACY 


We have already considered certain inaccuracies or ranges of uncertainty 
which are necessarily involved in any measurement system. For each result we 
have to ask ourselves ‘“How well do we know this—within what range, with 
what degree of probability?” And whenever we have answered such questions it 
is necessary to ask further “‘how reliable are the ideal simplifying hypotheses in 
the background—the necessary assumptions without which we cannot proceed 
at all?” 

The question of accuracy may be handled directly. Any assemblage of data, 
e.g., a collection of x?-T,? points on a graph, may be duplicated, say, by making 
n prints from an original. Each of these ” prints may be handed to each of  com- 
petent persons to measure, say, J) and V4”. We will then get m values for each 
of these quantities. After eliminating gross mistakes, the extreme range of these 
quantities can be divided into a not very large number of intervals and the total 
number of measurements in each interval can be counted and divided by m. 
These ratios are the frequencies for the various ranges of say T) and V4?. Each 
frequency may be plotted. As the measurements tend to cluster, the frequency 
plot may be approximated by the Gaussian normal error curve given by 


p(x) = (1/o(2m)*!”) exp (— (28) 


where oa is the standard error. 2¢ is the distance between inflection points on the 
bell shaped curve. The range from —2¢ to +2¢ is for many of our purposes a 
good practical measure of certainty—there is about one chance in 20 that a meas- 
ure will fall outside of this range. So if the m measures of V4? lead to (Va)? 
= (9.120 X 0.011 X 10°) (m/s)? then we will suppose that V4? has 19 chances 
out of 20 of being within the range 9.142 X 10° to 9.098 X 10°. 

The above procedure is very long and cumbersome. A shorter procedure is to 
apply the method of least squares (Jeffreys, 1939, p. 121-126; Whittaker and 
Robinson, 1940, chapter g) to calculate the “best fit” values and the range of 
variation associated with each. 
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When the standard errors have been computed, one finds the errors of derived 
quantities by using the so-called “law of propagation of errors” that is discussed 
in all books on the subject. Or if one wishes, he can use the direct procedure in- 
volving repeated calculations throughout the entire study. The great advantage 
of this latter type of procedure is that in it every quantity that is measured has 
a clear meaning—the shorter least squares process is sometimes misunderstood. 

But when we have made such calculations, what of the validity of the back- 
ground hypotheses? Is it legitimate to use a straight line to fit the x?-T,? data? 
Is it a good enough approximation to assume layers of constant velocity? And 
there are many other questions of this kind always. Many detailed considerations 
of the main possible kinds of measurement uncertainties are well presented in the 
paper by Widess (1952). 

The answers to all of these questions must always depend on experience. Even 
if we can’t give precise answers, it is good to ask these questions as it keeps us on 
guard against the clearly erroneous supposition that our simplifying hypotheses 
are absolutely correct. 

If weare to make geophysical investigations at all we must take chances. The 
correct language for understanding all such matters is the language of the theory 
of probability. 
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THE MECHANISM OF GENERATION OF LONG WAVES 
FROM EXPLOSIONS* 


C. HEWITT 


ABSTRACT 


Cagniard’s method is applied to the numerical calculation of the vertical displacement due to a 
point source in a semi-infinite elastic solid medium at three points on a vertical line through the source. 
The source is a step in the scalar displacement potential. From these calculated responses the re- 
sone for any physicall possible spherically symmetric source can be computed by application of the 

uhamel integral. 

Clear evidence of backward transmission of transverse wave energy is found along the vertical 
axis through the source. This, together with the energy of the longitudinal waves, also transmitted 
backwards, accounts for the mechanism by which energy is held near the source and near the free 
surface long enough to account for the generation of long period surface waves. 

This mechanism of generation of long period surface waves is not restricted to the free surface 
case. Any good reflector, which also generates secondary transverse waves from longitudinal primary 
waves, will serve the purpose. It is suggested that this gives a clue to the mechanism of the forma- 
tion of “ground roll” in many practical cases. 


INTRODUCTION 


For some years I have sought an understanding of the mechanism (Dix, 
1952, p. 366-369) by which the energy of an underground explosion is divided 
into the predominantly high-frequency pulses (our useful signals) and the pre- 
dominantly low-frequency “surface waves.” It has been quite clear for many years 
that this separation does take place. It is regularly observed even where the 
weathered layer of low velocity is of negligible thickness. 

A long series of theoretical studies (Lamb, 1904; Sakai, 1934; Cagniard, 1939; 
Fu, 1947) is in general agreement that the phenomenon exists. All of their cal- 
culations are based on well established relations of mechanics and the conditions 
of the particular problem. Although this theoretical work gave correct predictions 
and so presumably was correct, it gave an end result that was no more illuminat- 
ing for my understanding of the separation process than the field observations. 

An essential purpose of a physical theory is to give means of making predic- 
tions of behavior of a physical system which can be verified by observation and 
experiment. Within the framework of a valid theory one may seek those interrela- 
tions giving general properties of the phenomena that make a simple viewpoint 
of part of the field of inquiry possible. What I seek is a viewpoint from which the 
separation into high-frequency signal and low-frequency ground roll may be 
clearly understood: 

Some progress has been made in the direction of obtaining a clear, simple 
viewpoint for understanding the mechanism by which long waves may be gener- 
ated. The result is, briefly, the following: 


* Manuscript received by the Editor August 9, 1954. d 
t Division of Geological Sciences, California Institute of Technology, Pasadena, Calif. 
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rounding the spherical cavity of radius a, V is the longitudinal wave velocity, r 
is the radial distance from the center of the cavity to the field point where the 
displacement potential is to be observed, / is the time, s is the ratio of the Lamé 
elastic constants \/p, r=!—1/V, c=2V/{a(2+s)}, and y=x(1+s)!”. 

The corresponding radial displacement is 


vp Poa(2 + 5) 
r>0 


or 
The dilatation is 


= — ( ) cos (yr + (1 + 
orV?\r+s 


Figures 1, 2, and 3 show these respective quantities for the case V= 2,000 m/s, 
a=5 meters, c=2 g/cm’, s=1 and 4 (which correspond respectively to Poisson 
ratios of 0.25 and 0.4), and Po=1. I suppose s=4 may be typical of a wet clay 
and s=1 of a sandstone or limestone. The 5-meter radius is supposed to approxi- 
mate the average distance from the center of the cavity at which the hypothesis 
of linear elasticity becomes sufficiently good. It is seen that the period of the oscil- 
lation is proportional to the radius of the cavity if the other quantities are held 
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Fic. 1. The displacement potential, y, for an input step pressure for Poisson’s 
ratios 0.25 (s=1) and 0.4 (s=4). 
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(a) The spreading spherical pulse from the buried source is converted into non- 
spherical secondary disturbances on striking the free surface; 

(b) as a consequence of this non-spherical character, the propagation is no 
longer simply in the outward direction along rays perpendicular to the 
reflected pulse fronts, but is generally in every available direction; 

(c) an appreciable amount of this energy goes back toward the source or 
toward a vertical axis through the source; 

(d) thus energy is held near the source and near the free surface for a time 
long compared with the time it takes for energy of the signal to be trans- 
mitted away from the source neighborhood; and 

(e) this long held energy spreads outward in the available modes, one of 
which is the surface wave mode of Rayleigh. 

In order to verify this result we study the particular case of a source 20 meters 
beneath the surface and the response on a vertical line through this source at 
depths of zero, 10, and 40 meters. The real reason this vertical axis was selected 
is that this was the location where numerical calculations were easiest to carry 
through. A better reason for selecting this axis is that on it the backward trans- 
mission used in (b) and (c) above is most strikingly apparent. The transverse 
wave contributes appreciably to the vertical displacement. This feature which 
can only come from backward transmission of transverse waves gives clear veri- 
fication of the result. This phenomenon has appeared also in other studies 
(Mencher, 1953; Garvin, 1954; Ginsburg and, Roever, 1954; Cagniard, 1939, p. 
158). 

STATEMENT OF THE PHYSICAL PROBLEM 


When an explosion is fired in a buried cavity, the pressure builds up very 
rapidly. Furthermore, one expects that this pressure will decay rapidly although 
it will decay less rapidly than it builds up. Consequently, it may be that we can 
form a rough approximate idea of this process if we consider the pressure to be 
an ideal step function of time; i.e., it is zero until a certain time and then it sud- 
denly builds up to value Py and maintains this value without decay. 

Insofar as this idealization may be used and insofar as we can regard the neigh- 
borhood of the source as behaving linearly and elastically, we can use the results 
of several investigators (Kawasumi and Yosiyama, 1935; Sharpe, 1942; Fu, 1945; 
Menzel, 1951; Blake, 1952) to show the relationship between the potential for 
the displacement, which we shall call yp and the time, ¢, when the pressure input 
is a step function. This relationship is the following: 


Yp(r, t) = 0 for +r<o, 
_ Poa(2 + s) kr -1/2 | 
on | 1+ *) cos (yr — tan7! (x + s)—1/?) 
for > 0, (z) 


where Po is the height of the pressure step, o is the density of the material sur- 
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Fic. 3. The dilatation for an input step pressure for Poisson’s ratios 0.25 and 0.4. 


where (p, z) are cylindrical coordinates of the field point and i,, 7, are unit vectors 


in the p, z directions respectively. 
For mathematical convenience I am going to change the problem to a slightly 
different one. Instead of the source being a step pressure, I shall suppose it is a 


step y. More specifically I shall suppose 
t) = — (5) 


where 1(r) =o for r<o and 1(r) =1 for r>o. 

This change will not really restrict the problem as, given the y response to 
¥., we can use the Duhamel integral (Dix, 1952, p. 374-378) to find the response 
to any input y, particularly that given in equation (1) for the step pressure. Simi- 
lar remarks apply to the U response to y,. Observe however that when the radius 
of the cavity, a, is very small, yp is approximately a constant times y,. 

The equations of motion (Cagniard, 1939, p. 3-4) are implied by 
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Fic. 2. The radial displacement for an input step pressure for Poisson’s ratios 0.25 and 0.4. 


fixed. The examples I have picked place this period in the range usually met in 
prospecting practice. 

Next we shall introduce a horizontal plane a distance hk above the cavity cen- 
ter. This plane is the boundary between the vacuum above and the homogene- 
ous, isotropic, elastic solid below (except for the cavity). 

With the longitudinal wave source the boundary introduces a partial con- 
version to transverse waves. In this case the displacement field is not irrotational 
and a vector potential, U, must be included with the scalar potential, y, to repre- 
sent this field (Phillips, 1933, p. 186). Because of the symmetry of the problem, 
only the U, component of U is useful, so we shorten the notation by setting 
Us=U. Then (Mangus and Oberhettinger, 1949, p. 145) the displacement vector 


u(p, z, t) = grad ¥ + curl U 
(4) 


dy 1 A(pU) 
Op 
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where V and »v are respectively the longitudinal and transverse wave velocities. 
Continuity of the normal and tangential stresses (Cagniard, 1939, p. 4) at 
the boundary may be expressed by the respective formulas 


V2 —. 20? oy oy 8U I 
8 


2 2 
ot? Opdz 02? 
For purposes of exposition the reader is asked to imagine that detectors of y 
only and of U only can be set at a field point P, and that these detectors will 
record the response for any input y (or indeed, U) in the cavity. We shall suppose 
in particular that when we have the unit step y, input into the cavity, then the 
response at the point P is made up of two parts, viz., a Y response, which we shall 
call A(P, ¢) and a U response which we shall call B(P, ¢). A and B satisfy the re- 
spective differential equations for y and U. They also satisfy the boundary condi- 
tions. No such instruments exist and so this is a non-physical aspect of the theory. 
However, it is always possible by performing the operations of gradient and curl 
to convert the potential description to the displacement description, which can 
of course correspond to actual possible recording instruments. So we are only a 
very short distance removed from the physical problem. 
What follows now will consist first of calculations of A and B and then of 
the displacement u,. When these expressions have been completely evaluated 
we shall apply them to a special case. 


and 


CALCULATION OF AND 4, 


In this calculation we follow in detail the method used by Cagniard (1939). 
He makes a Laplace transformation of the entire problem, i.e., the source function, 
the interface conditions, and the equations of motion. The ‘4 is transformed by 
the relation 


0 
to X and the B by the relation 


V(p, 2, =p f 2, t)dt 
0 
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to Y. As a result of applying the boundary conditions it is found (Cagniard, 1939, 
p. 38-42 and 52) that X is given by 


ud: 


X(o,5 = 


° udu 
-f 
0 a 


—2 f buFduJ (12) 
0 


and Y is given by 
0 


where D(u) = a= (w?+1/V?)"?, and The first 
two terms of the right-hand side of the formula for X represent, first, the trans- 
form of the source (Dix, 1954) and, second, the transform of the image source 
with negative sign. The third term represents a correction term to this image 
source which arises because of the fact that some of the energy is transformed 
in the reflection process into transverse wave energy and so the reflection is not 
the perfect one which would be indicated by the simple second term on the right, 
i.e., the image source term. 

By carrying out the operations “gradient” on equations (10) and (12) and 
“curl” on equations (11) and (13) (Garvin, 1954), we get 


udu 
f grad Adi = f grad (14) 
0 0 a 


0 a 


—2 f grad (16) 
and 
f curl Bdt 
0 
= + 1/20?) curl { [dJo(pup)/dp (17) 
0 


First we see that right hand sides (14) and (15) have magnitudes that are re- 
spectively 
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Similarly (Cagniard, 1939, p. 116, equation (16)) as a guide we have from (22) 
and (23’) 


2 f f e~?*(u,) pdt (28) 


= pabu®/D(u) = pgi*(u) (30) 
82(u) = — pu*(u? + 1/20°)/D(u) = pgo*(u). (31) 
Let (uz)1* be defined by 


2 f udul o( pup) = (32) 
0 0 


Then, following Cagniard (1939, Chapter 5; Dix, 1954, equ. (14)—(26)) we have 
t = ipucosw + ah + az (33) 


and 
=o for t< (2+ h)/V 


= +f de for t>(z+h)/V| (34) 


But the integrand in equation (34) for p=o (see equation (33)) is purely real and 
independent of » so 


= (35) 
Differentiating equation (33) with respect to ¢ for p=o gives 


1 = (2 + h)(u/a)(du/dt) (36) 


so equation (35) becomes ) 
= 2081"(u)/(z + h). (37) 


Now (Mangus and Oberhettinger, 1949, p. 122) we have 


2» o( pup) gi*(u)e—? 
0 


= *dt + ((uz)1*) m0 = e~?*(d(uz) 1*/dt)dt 


= f iat 
0 
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1(t — r/V)/r? + — 


and 


u(t — + b(t — (19) 


where 6 is the Dirac 6-function. 6 is only to be used in an integral combination. 
Using equation (4) we see that the remaining displacement components (leav- 
ing aside terms from (18) and (19)), (u,) and (#,), contributed by (16) and (17), 


are 


f =-—2 [dJo(pup)/dp (20) 


+2 f + 1/2v?)D-'(u) [dJo(pup)/dp (21) 


and 


f f butduD-*(1s) Jo( pup) (22) 
0 0 


+ f + 1/ 20°) 


dp? p dp 


Notice that term (23) can be written 
— 2p f urdu(u? + (23’) 
0 


The method of Cagniard (1939, Chap. 5; Dix, 1954) may now be used for the 
inversion of expressions (20), (21), (22), and (23’). 

Let (up) =(up)r+(u,)r and (uz) be the decomposition of (u») 
and (#,) into longitudinal (with subscript 1) and transverse (with subscript 1) 
contributions. Then using Cagniard’s process (1939, p. 54, equation (1)) we have 
from terms (20) and (21) 


dJo 


where 


Si(u) = — pbu?/D(u) = pfi*(u) (26) 
So(u) = pb(u? + 1/20*)/D(u) = pfr*(u). (27) 
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and 


where Z=hu/a+2u/b and f=(u?+1/20*)/D(u). 


NUMERICAL COMPUTATION OF EXAMPLES 


We shall take a case of a medium with longitudinal velocity 2,000 m/sec. In 
all cases the depth of the source is 20 meters. Two cases are described in some 
detail. First we take a Poisson’s ratio of 0.4 (i.e., s=4) and z=10 meters. The 
second case will be the same as the first except that z=o. Calculations of vertical 
displacement have been made for z=o0, 10, and 40 meters and s=1 and 4. 

Referring to the first case, Figure 4 shows (u,)z beginning discontinuously at 


S=4, h=20M., Z=10M., 


(u,) 7 
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Fic. 4. Vertical displacement at 10 meters below free surface directly above a source of step 
displacement potential at a depth of 20 meters below surface. The (ms) curve shows correction to 
perfect image source reflection. Poisson’s ratio is 0.4 (s=4). The contribution of the transverse 
wave appears at 22.25 milliseconds. 
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since ((u,) *):-0.=0. So 


(39) 


Ou 2 0 Ou 


CAR, at (us) ou ot zt+h ou D(u) ot 


In the same way we find the other displacement terms 


((uz)r*) t>h/V+2/0 = 2g0*(u)udu/dt 


with 


= ah + bz 


at p=o. Thus equation (40) becomes 


= 282*(u)/(h/a + 2/6). (42) 


As before 


Ou ( u?(u? + 1/20?) bas) 
43 


One can arrive at equation (39) by differentiation with respect to z of the ex- 
| pression for A, on the p=o axis. B can be calculated in the neighborhood of p=o. 
Then calculate (1/p)0(pB)/dp in this neighborhood. This gives equation (43). 
This very different manipulation serves as a verification of the correctness of 
equations (39) and (43). 

It appeared to me worth while to have this verification by a different proce- 
dure as the chance of making a mistake was, for me, not negligible. As important 
a reason for the two deductions is the somewhat surprising result that (,)r con- 
tributes a discontinuous beginning. In some respects this discontinuity is fortu- 
nate because it permits a rough model experiment to verify the sudden onset of 
(uz)r on the vertical axis. 

Note that for p=o, dJo(pup)/dp=o, so that the left hand sides of equations 
(24) and (25) are zero. Consequently 


= = 0 (44) 


for p=o as clearly must be the case. 
By carrying out the indicated differentiation in (39) and (43) we get respec- 
tively 


— 4abu?(u? + 1/ a} + abu’ (45) 


(40) 
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t=15 milliseconds. The (u,)z is positive—it increases with ¢ and diverges like ?. 
However at t= 22.25 milliseconds the contribution from («,)r first appears 

and it diverges with ¢ like # and keeps the total vertical displacement finite for all 

times. 

The other example to be considered in some detail is obtained from the one 

just described by moving the receiver up to the surface where z=o. If we do this 

gradually, then the 15 and 22.25 millisecond points will move toward the 10 mil- 
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Fic. 5. Vertical displacement at the epicenter where all other conditions 
are the same as in Figure 4. 


lisecond value, the slant-roofed block will get narrower and higher and approach 
a spine at ‘=10 milliseconds (see Figure 5). After the spine, one goes to a nega- 
tive displacement that increases slowly to a substantial positive value and then 
more gradually decays. 

These general characteristics hold for all the cases computed. Vertical dis- 
placements at 0, 10, and 40 meters are shown in Figure 6 for S=4, and in Figure 7 
for S=1. 

A few remarks are in order regarding the diverging character of the longitudi- 
nal and transverse wave contributions. 

Cagniard has pointed out this divergence effect (Cagniard, 1939, p. 128-133) 
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Fic. 6. Vertical displacements at depths zero, ten, and forty meters when the step displacement 
potential source is twenty meters deep and receivers and source are all on the same vertical line. 
Poisson’s ratio is 0.4 (s=4). Only the correction terms to the perfect image point reflection are 
included. 


and has written that he regards this as an indication that the potentials are not 
physically significant quantities. There is a great deal of merit in this suggestion, 
especially along the vertical axis through the source, as in the present case. In 
this case it is quite clear that the potential A diverges like # but B remains at 
all times identically o along this axis. Therefore the quantity A is clearly di- 
vergent and so it might be considered that this would remove from it the merit 
of being regardable as a physical quantity. 

Other potentials with which we are more familiar partake in a certain sense 
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Fic. 7. Same as Figure 6, excepting that Poisson’s ratio is 0.25 (s=1). 
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of this characteristic. Remember that the primary purpose of a potential is for 
the derivation by differentiation of its corresponding quantity, in this case, its 
displacement. Note also that the corresponding displacement is likewise divergent 
but it so happens that the harmful effects in this divergency are removed by 
the corresponding but opposite divergency term contributed from the trans- 
verse waves. I am inclined not to emphasize this particular difficulty as an indi- 
cation of the non-physical character of the potentials although it may be used 
for this purpose. Rather, I should like to point out that what this probably is 
indicating is a process which is of an entirely physical nature, viz., the continual 
exchange of types of energy between the compressional or longitudinal and the 
transverse type at the interface. This continual exchange is done in terms of a 
bookkeeping arrangement which is of necessity not entirely detailed. All we see 
at the receiving point on the vertical axis is the total accumulated displacement 
contribution up to a given time from an ever-increasing contribution of each 
type. The energy is not only transmitted from the interface to our point on the 
vertical axis but it is also transmitted from interior points of the field. The only 
difference between interior points of the field and the interface in our case is 
that there is no conversion of type at any interior point of the field. At such in- 
terior points, energy which is in the form of longitudinal waves remains that 
way until it reaches the interface where possible conversion can take place. A 
simple picture of simple outward transmission of the reflected waves is not ade- 
quate. We have to consider transmission in all available directions not only in 
the interior of the medium but also at the interface. 

These divergencies present a troublesome situation to me because they repre- 
sent an aspect that I feel must be understood but which I do not really under- 
stand. It is clearly impossible to measure (u,)z independently of (u,)r. One may 
argue that an analysis into irrotational and divergence-free parts of the dis- 
placement field cannot correspond to any measurements and so the analysis 
should not be made as it may be incorrect and we shall have no way of discover- 
ing by observation whether it is incorrect or not. The only satisfactory answer 
to this appears to be that one must admit the validity of this argument at the 
present stage of the investigation. But I regard it as only an admission of an 
incomplete understanding of this physical problem. This differs markedly from 
the conclusion that such an analysis should not be sought. 

At the risk of being wrong, I shall make an analysis just as I have indicated 
it above. In an investigation of this sort I am seeking a physical picture that can 
be roughly used in actual prospecting cases—actual cases are always very much 
more complicated than the ideal cases amenable to exact calculation. Somewhere 
I have slipped into my idealized structure a property which leads to a situation 
not quite acceptable at first sight. Is our neglect of dissipation, which certainly 
always exists, responsible? Is our neglect of gravity too unrealistic? Is our semi- 
infinite medium too big? Has a mathematical mistake been made? My feeling is 
that the answers will all turn out to be negative. 
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The questions can be turned in a different direction—can the requirements 
(i) that the displacement field satisfy the equations of motion in two separate 
parts (longitudinal and transverse) for all time and all places, (ii) that the nor- 
mal and tangential stresses at the boundary remain strictly zero at all times, 
and (iii) that the solution of any such problem be possible in terms of the La- 
place transformation be met without the divergent analysis to which we have 
been led? Looked at in detail it would not be very surprising if the method used 
above broke down completely. Requirement (iii) implies a certain regularity of 
all dependent variables for all time. If for example it were impossible to set up 
a steady state with a sinusoidal input the method would probably fail (Cagniard, 
1939, Chapter 9). 

If there is any surprising aspect to this solution perhaps it should only lie in 
the fact that it can be constructed as Cagniard has shown. 


CONCLUSION 


It is expected that the reader will secure from the numerical examples pre- 
sented above the impression that long surface waves generated by impulsive 
sources of confined character are probably in large part due to backwards trans- 
mission associated with conversion of wave type at the interface and to the con- 
sequent tendency for long period energy to be delayed and held to a certain 
extent in the general neighborhood of the source. A conclusion to be reached is 
that the long-period energy can be minimized by introducing a negative unit 


step a short time after the positive unit step at the source. Whether this can be 
done in a practical sense or not is certainly open to question at the present time. 
This is equivalent to forming the time derivative at the source—not equivalent 
to a filter unless the instruments and solid medium are very strictly linear. 


GENERALIZATION 


It is of interest to ask to what extent the mechanism described above may 
be generalized to any interface. The answer is that this mechanism applies to 
any plane interface between two elastic media. The reflected waves always show 
this divergency characteristic. It is also interesting to note that transmitted 
waves do not show this characteristic but always remain, insofar as we consider 
only purely transmitted waves, convergent in their separate parts. In other 
words, the transmitted longitudinal wave and the transmitted transverse wave 
remain convergent separately. 

The above picture may perhaps explain the reason for some of the success of 
air shooting. When shooting from air we have only to deal first with the trans- 
mitted wave. The reflected wave in air is of a very simple type and does not 
lead to any divergency. Neither do the two transmitted waves at the free sur- 
face. However, the reflected wave at the base of the weathering does lead to 
waves of long period. Since however the source is reasonably far removed from 


3 
P 
: 
i 


102 C. HEWITT DIX 


this base of the weathering in many cases, its contribution of long waves is not — 


very serious. 


The air-shooting situation may be compared with shooting in the weathering. 
In this latter case we have the generation of long waves from two interfaces, the 
free surface above, and the base of the weathering below. This we may regard as 
a rather unfortunate situation. It probably accounts in large part for the very 
high noise level usually encountered in such work. 

In certain field problems I have tried to remove or reduce the ground roll, or 
long surface waves, by deepening the shot. Although this usually works, some- 
times it works in the reverse direction! In other words, in rare cases deepening the 
source appears to increase the amount of surface waves on the record. This has 
been for me a rather serious mystery for a number of years. If I have correctly 
pictured the process of generation of these long waves in the above discussion 
with its present generalization, then I believe I have reached an understanding 
of this type of anomalous situation. I suppose that the cause of this increase 
may be either the approach to a strong reflecting interface below the initial shot 
or possibly the passage through such interface to occupy a shot position between 
two such interfaces which would give rise to a twofold generation of such long 
period waves under relatively unfavorable circumstances. 

There remains much work to be done on this problem. One would like very 
much, for example, to make detailed numerical computations of the surface 
waves at various distances from the epicenter on the surface. This is by no means 
impossible but it does represent a long detailed numerical computation. It seems 
a little too difficult to start at the present moment. It is perfectly clear how this 
calculation is to be carried out since it has been outlined in detail in Cagniard’s 
book (see especially chapters 10, 11, 12,and 13). It may perhaps be carried out 
by some other group that has larger resources at its disposal than I have. 

Another matter of considerable interest that has been left undiscussed is the 
problem of observational verification of these results. I am convinced that these 
results can be observed and I would suggest that an interesting place to observe 
these results would be on a glacier, which presents material of a certain amount 
of homogeneity over a relatively thick section. Another process is to make the 
observations in hard rock that is relatively homogeneous. Another possible ap- 
proach is to use the seismic model techniques that are being currently carried to 
such a high degree of development. 


ACKNOWLEDGMENTS 


I wish to thank several of my students, especially Messrs. Terry Spencer and 
W. Barklay Ray for stimulating discussions on these questions. It is a pleasure 
to acknowledge my indebtedness to Dr. Walter W. Garvin for many valuable 
conversations on the present topic. 


REFERENCES 


Blake, F. G., Jr., Spherical wave propagation in solid media: Jour. Acoust. Soc. Amer., v. 24, p. 211- 
215. 


i 
: 
4 
: 
4 
| 
{ 
— 
i 


GENERATION OF LONG WAVES FROM EXPLOSIONS 103 


Cagniard, L., 1939, Réflexion et réfraction des ondes séismiques progressives: Paris, Gauthier- 
Villars. 
Dix, C. H., 1952, Seismic prospecting for oil: New York, Harper and Brothers. 
+ 1954, The method of Cagniard in seismic pulse problems: Geophysics, v. 19, p. 722-738. 
Fu, C. Y., 1945, On the origin and energy of oscillatory earthquake waves: Bull. Seis. Soc. Amer., 
V. 35, P- 37-42. 
, 1947, Propagation of elastic waves in the neighborhood of a free boundary: Geophysics, v. 
12, Pp. 57-71. 
Garvin, W. M., 1954. Exact transient solution of the buried line source problem: Geophysics, v. 19, 
Pp. 357 (Abstract) 
Ginsbarg, A., and Roever, W. L., 1954, Transmission of pulses through an elastic plate: Phys. Rev., 
Vv. 94, p. 812. (Abstract) 
Kawasumi, H. and Yosiyama, R., 1935, On an elastic wave animated by the potential energy of 
initial strain: Bull. Earthquake Res. Inst., Tokyo, v. 13, p. 496-503. 
Lamb, H., 1904, Propagation of tremors over the surface of an elastic solid: Phil. Trans. Roy. Soc. 
London, (A), v. 203, p. 1-42. 
Magnus, W., and Oberhettinger, F., 1949, Special functions of mathematical physics: New York, 
Chelsea Pub. Co. 
Mencher, A. G., 1953, Epicentral displacement caused by elastic waves in an infinite slab: Jour. Appl. 
Phys., v. 24, p. 1240-1246. 
Menzel, H., 1951, Uber das Spektrum seismischer Wellen, die durch Sprengungen erzeugt werden: 
Annali di Geofisica, v. 4, p. 301-321. 
Phillips, H. B., 1933, Vector analysis: New York, John Wiley and Sons, Inc. 
Sakai, T., 1934, On the propagation of tremors over the plane surface of an elastic solid produced 
by an internal source: Geophysical Mag., v. 8, p. 1-72. 
Schwartz, L., 1945, Généralisation de la notion de fonction, de dérivation, de transformation de 
Fourier, et applications mathématiques et physiques: Annales Univ. Grenoble, v. 21, p. 57-74. 
, 1950-1951, Théorie des distributions, t. 1 et 2: Paris, Hermann et Cie. 
Sharpe, J. A., 1942, The production of elastic waves by explosive pressures: Geophysics, v. 7, p. 144- 
154. 


> 
& 
3 
: 
; 
ig 


GEOPHYSICS, VOL. XX, NO. 1 (JANUARY, 1955), PP. 104-122, 12 FIGS. 


ADDITIONAL NOTES ON THE RESOLVED-TIME 
COMPUTING METHOD* 


R. B. RICET 


ABSTRACT 


The basic elements of a time-resolution method of performing reflection seismograph computa- 
tions have been published previously. The purpose of this paper is to present additional material to 
show how, by varying the spacing between shot-points on the time cross-section, the method may be 
made to give results comparable to various standard techniques and to describe the corresponding 
time method of handling cross-spread data. An additional example showing actual cross-sections 


computed by the method is included. 


INTRODUCTION 


In a previous publication (Rice, 1953), the author presented the basic ele- 
ments of a time-resolution method for performing steep-dip seismic computations. 
As formulated analytically, the method was based on the non-physically-realizable 
assumption that the ray paths as they appear on the time cross-section are 
straight lines and are normal to the reflection horizon on this cross-section. This 
assumption makes possible the graphical resolution of in-line time data by means 
of a beam compass using the “swinging-arc” method. The details of this graphical 
resolution and the preparation of the three in-line cross-sections, called the 
“raw-time,” the “resolved-time,”’ and the ‘‘depth” sections, were discussed, but 
no method for handling cross-spread data was included. The main purpose of this 
paper is to outline a computation procedure for cross spreads. In addition, the 
important topic of how, by varying the spacing between shotpoints on the 
resolved-time section, the method may be made to give results comparable to 
various standard computing techniques is more fully discussed and illustrated. 

For convenience of reference, a brief summary of the formulas and graphical 
procedure for performing in-line computations will be presented first. 


SUMMARY OF FORMULAS AND GRAPHICAL PROCEDURE 
FOR IN-LINE COMPUTATIONS 
The “raw-time” section is merely a convenient means of examining the origi- 
nal time data for errors in picking and in computing corrections. It is obtained by 
plotting the time values (corrected for weathering, elevation, and angularity of 
path, if necessary) below the shotpoints or midpoints to which they correspond. 

In preparing the “‘resolved-time” section, the shotpoints are spaced on the 
datum according to a horizontal time #, defined by 


i, = (1) 


where s is the distance between the shotpoints and » is a variable horizontal 


* Manuscript received by the Editor October 4, 1954. 
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velocity, which will be discussed later. Using the times from the raw-time section 
as radii and the shotpoints or midpoints as centers, arcs are swung by means of a 
beam compass and the reflection horizon is drawn as a series of straight-line seg- 
ments tangent to these arcs. For portions of the reflection horizon which are con- 
cave downward, the segments will be too long and overlap; where the reflection 
horizon is concave upward, the segments will be too short. Adjustments for these 
effects of curvature can be made, if desired, after the resolution is complete. it 
is recommended that if the elevation-correction times are large and the dips are 
steep, the resolution of the times, corrected only for weathering and angularity 
of path, should be made from a profile midway between the bottom of the 
weathered layer and the shot elevations instead of from the datum. This profile 
is easily obtained on the resolved-time section by plotting elevation-correction 
times above or below the shotpoints or midpoints to which they correspond on the 
datum. 

The displacements, x;, and depths, z;, of the reflection points on the resolved- 
time section (in time units) are given by the relations: 


= $t sin Qt, (2) 
= a, (3) 
sin a, = $At/tp, (4) 


where ¢ is the two-way reflection time, At is the two-way stepout time between ¢ 
and an adjacent time path (with the two path times referred to the same hori- 
zontal datum), a, is the angle of dip of the reflection horizon as it appears on the 
resolved-time section, and & is given by equation (1). 

The ‘“‘depth” section is prepared from the resolved-time section by reading the 
two-way vertical times between the datum (below which the vertical velocity 
gradient applies) and the reflection profile below each shotpoint, or midpoint. 
These times are-converted to depth values and plotted below the proper shot- 
points, or midpoints, on the depth section, with the shotpoints on this section 
being spaced according to the distance between them. 

Analytically, this is equivalent,to multiplying the time displacement x, by 
the horizontal velocity », and the “time depth” z, by the average vertical veloc- 
ity 0(z,), corresponding to 2, to obtain — 


x = sin (5) 
a= COS (6) 


as the expressions for the horizontal displacement and depth, respectively, of 


the reflection point. 
The formula for the true angle of dip a, as it appears on the depth section, 


is: 
tan a = Az/Az, (7) 
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Az =z-—3' (8) 


(9) 


In these expressions, x, x’ and 2, 2’ denote the offsets and depths, respectively, of 
two points of reflection corresponding to two points on the datum which are a 
distance s feet apart. 

Note that no restriction is placed on the velocity function used to convert 
vertical times on the resolved-time section to depths. It may be empirical or 
analytic, may be assumed to apply below a sloping datum or below the bottom 
of the weathered layer if one so desires, or may be assumed to vary laterally to 
compensate for regional trends.. Furthermore, as additional velocity information 
is obtained in an area, new depth sections can easily be prepared from the re- 
so)ved-time section. In fact, since all features of interest can be detected as well 
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Fic. 1. Example 1. Raw-time section. 
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from the resolved-time section as from the depth section, the computation of 
the final depth section may not be justified in new ‘areas where no accurate veloc- 
ity information is available. 


Example 


One illustration of the effectiveness of the resolved-time method in defining 
features such as unconformities, faults, and overturns was presented in the pre- 
vious paper. Cross-sections for another actual seismic profile of a different type 
are shown in Figures 1, 2, and 3. 

Figure 1 shows the raw-time section for this example. Although the spacing 
between shotpoints on the raw-time section is arbitrary, in this case the shot- 
points have been spaced according to values of 4 (equation (1)), determined by 
using the first-break refraction velocity for 1. These horizontal times correspond 
to either 1,320- or 660-foot spreads, but they vary considerably because the first- 
break refraction velocities range from 6,500 to 11,800 ft/sec. 

Figure 2 shows the corresponding resolved-time section, with the same hori- 
zontal time spacing between shotpoints as used on the raw-time section. The 
times have been resolved from points along the profile midway between the bot- 
tom of the weathered layer and the shot elevations as shown. The broken lines 
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Fic. 2. Example 1. Resolved-time section. 
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indicate places where the straight-line segments drawn tangent to the arcs were 
too short because the reflection horizons are concave upward. 

When the vertical times between the datum and the reflection horizons in 
Figure 2 are converted to depth values below sea level and are plotted below the 
appropriate points (with the shotpoints spaced according to the distances be- 
tween them), the depth section shown in Figure 3 is the result. The use of sea 
level as a reference for all depths has been found to be quite convenient for quick- 
ly comparing horizon depths over large areas. 

. This example is a good illustration of the effectiveness of the resolved-time 
method in producing an accurate resolution of steep dips close to the surface. 
The shallow steeply-dipping horizons on the right-hand side of Figure 3 actually 
correlate extremely well, both in dip and displacement, with outcrops in this 
area. The use of the first-break refraction velocity for » explains the good agree- 
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Fic. 3. Example 1. Depth section. 
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ment. If a larger velocity had been used, the steep dips close to the surface would 
have migrated too far and would have appeared to be above the surface of the 
ground. 


CHOICE OF HORIZONTAL VELOCITY 


Further consideration will now be given to the choice of the horizontal veloc- 
ity », which determines the spacing of the shotpoints on the resolved-time sec- 
tion and very markedly affects the results. As may be seen from equations (1) 
through (9), a; and hence #;, 2, x, 2, and a all depend directly on ». By making 
m small, for a given ¢, At and s, a and x can be made relatively small and z 
relatively large, or by making » large, a and x can be made large and z small. 


Variable vp, 


One way of handling » is to make it vary with z;. In particular, if we let it 
be equal to the average vertical velocity, 3, corresponding to 2;, then replacement 
of », by & in equations (1) and (5) and substitution of equation (1) in (4) gives, 
along with equation (6): 


sin Qt, 
= cos ay, 
sin a; = }0At/s. 


These relations are precisely those which define Stulken’s modified wave-ray 
method which has been shown (Stulken, 1945; Rice, 1949 and 1950) to give re- 
sults which are usually quite close to those obtained by the curved-path method. 
The graphical method of resolution could be made applicable to this case by 
preparing a separate resolved-time section for each reflection time level 2; and 
varying the horizontal time between shotpoints according to the relation 


th = s/0(z:). 


However, for steep dips, 2; is considerably different from }3¢, and a trial-and- 
error or approximation method would have to be used to obtain correct values 
for i(z,) and ft. Hence, in such cases it would probably be just as easy to describe 
the velocity function analytically and compute values of x and z from the for- 
mulas. 

But it has not been found necessary to introduce such a complication just 
to achieve results which are equal to or approximate closely to those obtained by 
the curved-path method. It has been found that in most cases the results obtained 
using @ constant » are as good, and sometimes better, than those obtainable by 
any other computing method. Reference is made, of course, only to steep-dip 
areas since all computing methods produce essentially the same results for small 
angles of dip. 
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Constant 


As indicated in the above example, one way of choosing % is to set it equal to 
the first-break refraction velocity below the bottom of the weathered layer. This 
has been done over wide areas throughout the Mid-continent area and, on the 
whole, the procedure has given excellent results. Although theoretically it ap- 
pears that this velocity should not migrate the deeper steep dips far enough, our 
experience does not bear out this thesis. There are cases, of course, in which more 
accurate results can be obtained by putting » equal to the average vertical 
velocity corresponding to, say, the middle band of reflections being mapped in 
order to approximate the case of a variable m. On the other hand, in some areas in 
which the velocity of the first-arrival energy is that of a high-speed bed underlain 
by beds of lower velocity, a value of », lower than the first-break velocity must be 
selected in order to keep steeply dipping segments from being displaced too far. 


Equation of Ray Path for Constant 


The equation of the ray path for constant », and for a vertical velocity func- 
tion of the type 
v = % + Ar, (10) 
where 2 is the instantaneous velocity, v is the initial velocity, A is a constant, 
and 7 is the one-way vertical time, can be easily derived. This is the well-known 
linear increase of velocity with time which gives a parabolic increase of velocity 
with depth and produces cycloidal curved paths under the assumption of Snell’s 
law. The average velocity 3 corresponding to 1 is 


= + (11) 
which, for the resolved-time method, becomes 
d = + cos (12) 


since r=2;. Putting equation (12) into equation (6) and eliminating ¢ between 
(5) and (6), one obtains 


= (v9%/v,) Cot a, + (Ax?/20;,7) cot? ay 


as the equation of the ray path. Completing the square to put the equation into 
standard form gives 


|x + (1/A)vov, tan a, |? = tan? + 092/2A). (13) 


This is the equation of a parabola opening downward (in the direction of positive 
z) with vertex at 


—(1/A)vov, tan a4, —0?/2A 


and with a semi-latus rectum of length »? tan? a,/A. Note that for At=a:=0, 
the parabola of equation (13) degenerates to the straight line «=o. When 
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a;= +90°, it becomes infinitely wide and the ray path degenerates to the straight 
line 

The form of this ray path is admittedly quite unorthodox, but since the ray 
path is not normal to the reflection horizon on the depth section, its form has very 
little to do with the results obtained. 


Examples to Show Effect of v» on Results 


As an illustration of the different values of horizontal displacement and depth 
that are obtained using various constant values of », consider Figures 4, 5, and 
6 in which resolved-time values for 1,= 8,000, 9,000, and 10,000 ft/sec, respec- 
tively, are compared with curved-path values. The velocity function used is of 
the form of equation (10), namely, 


v = 8+ 2.747, 3 (14) 


where v and v are in thousands of ft/sec. 

In Figure 4, results obtained by the resolved-time method when % is set equal 
to the initial velocity, vo, are shown. In this case, values of x are consistently less 
and gz values greater than the corresponding curved-path results for At/s values 
larger than zero. (In Figures 4, 5, and 6, x, z, and s values are all expressed in 
thousands of feet. Thus, for s equal to 1,000 ft, a Aé/s value of 0.04 xepeanents a 
At of 0.04 sec.) 

In Figure 5, results are shown for the more realistic case where » (9,000 
ft/sec) is 12.5 percent greater than vp. In this case, for reflection times up to 2.4 
sec and for At/s values up to 0.16, resolved-time values are in fairly good agree- 
ment with curved-path results. For larger reflection times, the resolved-time 
method generally produces smaller displacements and larger depths than the 
curved-path method. 

When », is made 25 percent greater than 2 (10,000 ft/sec), Figure 6 shows that 
displacements are generally larger and depths smaller than curved-path values. 
The differences are not large, however, for moderate stepout times. 

If a faster velocity function had been used, the agreement between the two 
methods would have been best for some value of » larger than 9,000 ft/sec. 

Figure 7 shows a comparison of results obtained when the two methods are 
applied to the overall computation of an asymmetric structural profile. The same 
velocity function equation, (14), was used. In this example, the two-way reflection 
times range from 1.35 to 2.60 sec and the two-way stepout times from o to .146 
sec, the distance between shotpoints being 1,000 ft. Here it is evident that the 
the best agreement between the two profiles would have been obtained using a 
% of about 9,500 ft/sec. 

Figure 8 compares the results of computing a fault trace by the resolved- 
time method for values of » again equal to 8,000, 9,000, and 10,000 ft/sec, re- 
spectively, with those obtained by the curved-path method, which in this case 
produces a vertical fault trace. The velocity function of equation (14) was used 
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Fic. 4. Comparison of resolved-time method (using 2,= 8,000 ft/sec) with curved-path method 
for velocity function »=8+2.74 7; x represents horizontal displacement and z depth of the reflec- 
tion point. 
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Fic. 5. Comparison of resolved-time method (using »=9,000 ft/sec) with curved-path method 
for velocity function »=8+2.74 7; x represents horizontal displacement and z depth of the reflec- 
tion point. 
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Fic. 8, Fault trace computed by resolved-time and curved-path methods (v=8+2.74 7). 
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=t— Af’, (19) 


where ¢ represents the two-way time 2SR at the shotpoint. 

The horizontal displacements and depths, in time units, of the points R and 
O corresponding to ¢ and ¢’ are found from equations (2) and (3) and are denoted 
by «1, a4’, 24, and z,’, respectively. The corresponding displacements, « and x’, and 
depths, z and z’, of the points R and O, respectively, are computed from relations 
(5) and (6), using the horizontal velocity appropriate for arm No. 1 as the value 
of ». Note that the quantities z, and z,’ must be corrected to the datum below 
which the velocity function applies before being converted to depth values. This 
is done by adding the elevation-correction time at the shotpoint. 

Finally, the true maximum angle of dip, a, is computed from equations (7), 
(8), and (9), where s is half the actual spread length of arm No. 1. One may also 
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again. Note that the fault trace obtained for » equal to 9,000 ft/sec is within 
one degree of being vertical. 


CROSS-SPREAD COMPUTATIONS 


The handling of cross-spread data by the resolved-time method to determine 
the direction and magnitude of maximum dip is a fairly simple numerical proce- 
dure. The computations are again based on the assumption that the time-paths 
are straight lines and are normal to the reflection horizon in the time domain. 
Hence, results obtained from cross-spread computations correlate perfectly with 
in-line values obtained from time resolution. This will not be true if other cross- 
spread computation methods are used in conjunction with the in-line resolved- 
time method. The method does not require that the arms of the cross-spread be 
the same length. 

In Figure 9, let m represent the horizontal datum plane passing through the 
midpoint, S, between the bottom of the weathered layer at the shotpoint and the 
shot elevation. Let half the lengths of two mutually perpendicular arms of the 
cross-spread in the plane m be represented by SA and SB’ and let the horizontal 
times, é; and t2, respectively, correspond to twice these lengths. Let m represent 
the plane of reflection in the time domain with an angle of dip of a, and let SR 
be the one-way time-path at the shotpoint which is assumed to be normal to n. 
Let planes (SAPR and SBQR) be passed through the two arms of the cross- 
spread perpendicular to , and let a; and az: denote the apparent time-angles of 
dip in these two planes. Pass a plane through SR in the direction of maximum 
dip, and let C on the trace of this plane in m be chosen so that SC=SA=}fu. 
Let ¢ be the angle between the No. 1 arm (defined as the one showing the larger 
dip, a) and the direction of maximum dip. 

With the other constructions shown in Figure 9 Gita SA=SB), it is easy 
to derive the relations 

tan = sin az/sin an, (15) 


sin a; = sin ay/cos ¢, (16) 
which are the equivalent in the time domain of those given by Heiland (1940, 


p. 526). 
Using equation (15) to obtain cos ¢ and substituting this expression in equa- 


tion (16), one obtains 
sin a, = (sin? ay + sin? ay2)!/2, (17) 


The double stepout time, 2CH, between the times 2SR and 2CO, which we 
shall denote by A?’, is given by 
(18) 


At’ = tp: sin ay. 


The angle a; is positive when the point C is up-dip from S, and the sign of Al’ 
follows that of a. Then the two-way time, ¢’ = 2CO, is computed from the relation 
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compute the depth D of the reflection horizon below the shotpoint (SS’) from the 
relation 


D=2+ tana. (20) 


The values of é and », are used for arm No. 1 in the computations in the plane 
of maximum dip for the following reason: Since arm No. 1 is chosen as the one 
showing the larger dip, ¢ as measured from it will be less than 45 degrees and 
hence the line of maximum dip will be cioser to the No. 1 arm than to the No. 2 
arm. Any process of averaging the values of 4 and » for the two arms, if they 
differ, would be of doubtful benefit. © 

It should also be noted that equation (4) for computing the apparent time- 
angles of dip in the planes of the two cross-spread arms, which are needed in 
relations (15) and (17), is strictly valid only for the case in which At represents 
the stepout time between two normal path-times corrected to the same horizontal 
datum. Since, when one is dealing with steep dips and variable elevation correc- 
tions, it is incorrect-to obtain At from the observed stepout time by adding or 
subtracting the difference between the elevation-correction times, we shall de- 
rive additional formulas for properly handling elevation differences. The graphical 
method of resolving times from the profile midway between the bottom of the 
weathered layer and the shot elevation automatically takes care of this difficulty 
and could be used to determine the a;; (= 1, 2) in cross-spread calculations. How- 
ever, since the setting up of resolved-time sections for each cross-spread arm and 
measuring the time-angles éf dip is something of a nuisance, the analytic method 
described below is preferred. 

Figure ro represents the resolved-time section for either of the cross-spread 
arms, with SR corresponding to SR in Figure 9. After the path-time BR’FG 
to the end geophone of the cross-spread arm has been corrected for weathering 
and for angularity of path, we have a two-way path-time 2M A below the mid- 
point M which will be denoted by #; ({=1, 2). Then the stepout time Af; between 
the two-way path-time ¢(=2S5R) at the shotpoint (assuming near-phone times 
have been averaged across the shotpoint) and é; is given by 


At; = t — (21) 
and the angle SME, which we shall denote by a:;’, is found from 


sin ay = At; / th. (22) 


It is assumed here and in equation (24) below that SM=HM=34h,;, which is 
justified since the angle SMH is rarely over 5 degrees. 

Now let ¢, denote the two-way elevation-correction time at the shotpoint and 
tei the two-way elevation-correction at M. Then, setting 


Ate; >= be b ois (23) 
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Fic. 10. Determination of a; in cross-spread computations. 


and denoting the angle SMH by a:z:*, we have 
sin = (24) 
Hence, the desired angle a; is computed from the formula: 


The signs of a;;’ aud a:;° will follow those of At; and At,; respectively. 

Figure 11 shows the data sheet used for the cross-spread computations, with 
an illustrative example worked out. The first column is devoted to the shotpoint 
number and cross-spread diagram, and the next four to the data at the shot- 
point. The corresponding data for the end phones of the two arms of the cross- 
spread, with those for the No. 1 arm on the first line, are listed in the next four 
columns. The following column shows the first approximation to the stepout time 
At; which is obtained by subtracting the time /,»; over the angular path BR’F 
(Figure 10) from ¢. This approximation is used along with the horizontal time 
shown in the next column to obtain a first approximation to a,;’ (formula (22)), 
which is listed in the following column. The purpose of this computation is to 
enable one to estimate the angle of dip, which must be considered in the correction 
for angularity of path if one is to obtain accurate results. The result of the cor- 
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Fic. 11. Data sheet for cross-spread computations. 


rection for angularity of path /; is shown in the next column. Then the correct 
values of At; and a;;’ are computed and listed in the following two columns. In the 
example shown here, the final a;;’ values differ little from the first approximations 
since the corrections for angularity of path were small. In the worst cases, several 
approximations may be needed:to obtain angularity of path corrections and a,’ 
values with the desired accuracy. The next two columns are used to compute the 
correction angles a;;° and the final values of a; are listed in the following column. 
The Ai;’ quantities in the next column are the stepout times after they have been 
corrected to the horizontal datum, plane m (Figure 9), by means of the relation 


At,’ = thi Sin (26) 


which is analogous to equation (18). The last fifteen columns of the data sheet are 
devoted to the calculation of quantities in the plane of maximum dip which have 
already been explained. 

Note that the computations can only be performed for the cases when both 
arms of the cross-spread are either on the up-dip or on the down-dip side of the 
shotpoint. Hence, in those cases in which one arm is on the up-dip side and the 


other on the down-dip side, the smaller dip of the two (No. 2 arm) is assumed to 
project without change through the shotpoint to the other side and the computa- 
tion of ¢, a:, etc., is carried out on that basis. Of course, if one uses cross-spreads 
which are in the form of complete crosses (four arms), then it is generally possible 
to pair off the arms so that two will be on the up-dip side of the shotpoint and the 
other two on the down-dip side. 
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When one is dealing with two down-dip arms, the values of the displacements 

« and x’ will be negative, as may the quantity 
y=st2’, (27) 
which is used in the computation of the angle of dip (formula (9)). Although Ax 
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Fic. 12. Special slide rule designed for cross-spread computations. 
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APPARENT RESISTIVITY FOR DIPPING BEDS* 
KATSURO MAEDAt 


ABSTRACT 


The potential field of a point source of electric current, located on the surface of the earth above 
a dipping bed, is determined exactly by solving the appropriate differential equation. It is concluded 
that image theory is useful only in the two cases in which the reflection coefficient is plus one and the 
angle of dip is x/m and in which the reflection coefficient is minus one and the dip angle is +/2m, m 
being an integer. Computing methods are also developed for the cases in which the image theory is 
not applicable. Some numerical tables necessary for computation and several apparent resistivity 
curves are presented. 


INTRODUCTION 


Theoretical investigations concerning the potential field due to a point source 
of electric current, situated on the earth’s surface above a dipping bed, have been 
published by Aldredge (1937) and Unz (1953). These investigations were based 
on the image theory, which is not always applicable. Unz pointed out this fact 
and developed a method by which apparent resistivity can be calculated approxi- 
mately when the method of images is not valid. 

The present work attempts to derive an exact solution for the potential and 
to demonstrate a method for computing the apparent resistivities. The dip angles 
are considered in relation to the ground surface which, for simplicity, is assumed 
to be horizontal. Isotropic and homogeneous layers are assumed in all calculations. 


GENERAL SOLUTIONS 


We choose a system of cylindrical coordinates (r, 0, 2) whose z-axis coincides 
with the surface trace of the contact between two dipping beds (Fig. 1). The 
angle @ is taken counter-clockwise from the horizontal plane to the left of the 
z-axis, and r is the radial distance from that axis. The horizontal plane is given 
by 6=o to the left of the axis and by =z to the right. The interface separating 
the two media is given by 0=a. The resistivity of the upper layer is p; and that 
of the lower layer pz. A fixed current electrode is located at the point (ro, 0, 0), 
which means that for this electrode r=r, 2=0, and z=o. The current entering 
the ground through this electrode is-f : 


The distance between the current-electrode and an arbitrary point (r, 8, 2) is 
designated by R. The reciprocal of this distance can be expressed by the expan- 
sion, 

* Manuscript received by the Editor February 25, 1954. The Editor gratefully acknowledges the 
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will always be positive, Az will be negative in the down-dip case, and the negative 
quotient Az/Ax will give a negative angle of dip, as it should. 

Although the cross-spread computations described above are simple, they 
are numerous and include trigonometric functions, squares, and square roots. 
Hence, a special 15-inch circular slide-rule was devised to facilitate the work. The 
front face of the slide-rule is shown in Figure 12. Like all standard circular rules, 
it has two transparent plastic index arms. The outside scale, which is equivalent 
to a 45-inch linear scale, is an ordinary logarithmic scale for multiplying or divid- 
ing scalar quantities. The next three scales are particularly adapted for multipli- 
cations or divisions which involve both scalars and trigonometric functions. The 
innermost scale is a special one which enables one to find the angle whose sine is 
the square root of the sum of the squares of the sines of two different angles by 
setting the arms once and rotating them back to the index point. 

-The back side of the slide-rule has only one arm and consists of ordinary log- 
arithmic and linear scales for finding logarithms, squares, square roots, cubes, 
-and cube roots. Thuis, the rule provides the computers with an all-purpose com- 
puting device as well as a special one for performing cross-spread computations. 
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Using equation (1.3), the expressions for the potentials are assumed to be: 


I 


A(s)[cosh + 0) + cosh s(x — (1.4) 


V2 = + tzdt s) cosh — 0)Ky(tro) Kis(tr)ds> » (1.5) 
cosh s(x ~ 6) Ku 5 


am (R 


having been chosen in these particular forms in order to satisfy conditions (a) 
and (b). A(s) and B(s) are arbitrary functions which are to be chosen to satisfy 
the additional boundary conditions. In applying the boundary conditions (c), 
one must substitute the expansion (1.1) in equations (1.4) and (1.5). These con- 
ditions lead to the following pair of simultaneous equations: 
A(s) [cosh s(r + a) + cosh s(x — a)] = B(s) cosh s(# — a) (1.6) 
(1 + k)A(s) [sinh s(x + a) — sinh s(x — a)] + (1 — 2) B(s) sinh s(x — a) 

= 2ksinh s(t — a) (1.7) 


where & is the reflection coefficient equal to (p2—>1)/(p2+p1). Solving these equa- 
tions, we find that the unknown functions A(s) and B(s) are: 


k sinh — a) 


(1.8) 


2 cosh sr[sinh sr + & sinh s(2a — x) | 
k[sinh sr — sinh s(2a — x) 


sinh sr + k sinh s(2a — 7) 


B(s) = (1.9) 


The potentials are now determined by substitution of the expressions for A(s) 
and B(s) in equations (1.4) and (1.5). With slight rearrangement, 


Ip, (1 427 

+ cos ézdt 
k sinh — a) cosh 

o sinh ws + sinh s(2a — 


f cos izdt 
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f cos f cosh + 0)Kis(tro) Kis(tr)ds (1.1) 
0 


where i is the square root of minus one and K;,(/r) is a modified Bessel function 
of the second kind (Gray et al., 1922, p. 103). The upper sign in the quantity 
(r+6) is chosen if @<o and the lower if @>o0. K;,(u) is defined by the following 
relationships, where J,(u) is the ordinary Bessel function of the first kind: 


= i-"J,(iu), = — ]. 


2 sin (m7) 

Laplace’s equation in cylindrical coordinates is: 


or? 


(1.2) 


This partial differential equation is satisfied by the particular solution: 
V = cos cosh s(x + (ir). (1.3) 


Let V; be the potential at a point in the upper material and V2 that in the 
lower material. The boundary conditions which must be satisfied by V; and V2 
are: 


OV; 
(a) — =o when @=0. 


Fic. 1. Field of a point source situated on the earth above a dipping bed. 
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whence the potential can be expressed as 


yom cos [cosh s(x +0 
an (R mr? J 9 0 3 


+ cosh s (= *)] Kis(tro) Ku(wash 


Fic. 2. Images of a point source situated at (a, 0, 0). (a=60°) 


The term cosh s[r-+0@—(2m/3)] leads to the expansion of 1/R, and the term 
cosh s[r-++-0— (42/3) | to the expansion of 1/R2, where R, and R; are as illustrated 
in Figure 2. Therefore, the potential function is: 


Ip. [= I I 4 
Ri Rot 
Thus, the potential function has been shown to be equal to the sum of po- 
tentials due to a point source at (ro, 0, 0), an image at (ro, 4/3, 0), and a second 


image at (ro, 27/3, ©). 
But for k= —1, we have corresponding to (2.2) 


cosh —— cosh s6 


as] cosh sé 
= [1-2 cosh =] 
L 
3 3 


This fraction is not reducible into a sum of cosine terms, so the potential V can 
not be expressed by a sum of reciprocal distances. In this ant potentials due to 
images cannot satisfy the boundary conditions. 


TRANSFORMATION OF.THE GENERAL SOLUTIONS 


When the method of images is not useful, it appears that we must compute 
potentials using equations (1.10) and (1.11). But these integrals can be trans- 
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[sinh sr — sinh s(2a — 1) | cosh s(x — @) 
x 


sinh sr + k sinh s(2a — 7m) 


Ki(tro)K ash (1.1 1) 


These expressions for V; and V2 are general solutions to the problem. 


METHOD OF IMAGES 


We now consider two special cases. In the first, k=1 and the lower bed is a 
perfect insulator; in the second, k= —1 and the lower bed is a perfect conductor. 
In neither case do we need to consider the potential in the lower bed. Therefore, 
we replace V; simply by V. It can be shown that the fraction in the integrand 
of (1.10) reduces to: 


sinh — a) cosh 


kR=1: 2. 
sinh sa 
cosh — a) cosh sé 
k=-1: - (2.2) 
cosh sa 


We first consider the case for which k=1. Using the identities, sinh 2x=sinh 
x(2 cosh x), sinh 3x=sinh «(2 cosh 2x+1), etc., the denominator of (2.1) can be 
cancelled by a term in the numerator if r—a=ma where m is an integer. In this 
case, a=2/(m+1) or, in other words, the angle of dip is a submultiple of 7. 

Next, in the case for which k= — 1, we find useful the identities, cosh 3x= cosh 
x(2cosh 2x—1), cosh 5x=cosh x(2 cosh 4x— 2 cosh 2x+1), etc. As in the previous 
case, the denominator of (2.2) can be reduced to unity only if r—a=a(2m+1), 
in which case a=a/2(m+1). Here, the angle of dip must be a submultiple of 

In both of these cases, the hyperbolic term in the integrand of (1.10) reduces 
to a sum of hyperbolic cosines. Further, if a source exists at the point (ro, , ©) 
instead of (7, 0, 0), the only change in (1.1) lies in replacing the factor cosh 
s(r+6) by cosh s(r+6F6). Thus, if the term containing hyperbolic functions in 
the integrand can be expressed by a sum of hyperbolic cosines, the potential func- 
tion V can be expressed by a sum of the reciprocals of the distances between the 
observation point (r, 6, z) and images at the points (10, %’, o). The result is the 
same expression for the potential which one would obtain by the method of im- 
ages. In short, the method of images is useful in the two cases in which k=1 
if the angle of dip is a submultiple of + and in which k= —1 if the angle of dip is 
a submultiple of 

As an example, let us consider the problem in which a= iF % Corresponding to 
(2.1) when k=1, we have 
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dues. In this instance, the only poles of the integrand lie on the real axis where 
the denominator of the integrand vanishes. Thus, we have transformed the inte- 
gral into an infinite sum and 


+ k) 
+ k(2a — 
© COS — 0) + R cOS Sm(2a — — m) 


7) 


m=1 COS + — 1) COS Sm(2a — 


Ji K o(ir) o(tro) 


K,,, (tr) Lem (tro), (3.4) 


where s» is a simple root of the equation, 


sin st + k sin s(2a — 7) = 0. (3-5) 
It then follows that the potential V; has been transformed to: 
Ko(tr)Io(iro)*** 
+ k(2a — 


© COS — 0) + ROS Sm(2a — 0 — 


m=1 COS Sm@ + k(2a — 1) COS Sm(2a — 7) 
f K,,.(tr) In, (tre) cos (3.6) 
0 


We now designate by Jz the integral over ¢ in (3.6). Using the exponential 
form for the cosine, we may write: 


Jo = =f + e~i#21K, (tr) I.,,(tro) dt. 
2/70 


In the transformation of this integral, we will make use of the following identities: 
In(t) = (it), K,(t) = 


whence the integral can be rewritten as: 
io i pio 
JI; = — f e-"G, (ir) Js,,(tro)dt — ~f e"G,,, (tr) J s,, (tro) dt. 
2/70 2<70 


The first integral in this expression is transformed from an integral along the 
imaginary axis to one along the real axis by considering a contour integration 
consisting of both axes and an infinite quarter-circle in the first quadrant; there 
are no poles enclosed by this path. The second integral can be similarly trans- 
formed by using the corresponding path in the second quadrant. Therefore, 


' These definitions are general, reducing to the previous ones given only when z is an integer. 
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formed to facilitate the computations. First, the expansion (1.1) is substituted 
for 1/R in (1.10) and (1.11). Then, after some arrangement, we get: 


sinh sr[cosh s(x — 0) + k cosh s(2a — 6 — 
=f cos tat 
Jo 0 


sinh sr + k sinh s(2a — 1) 


X Kie(tro) Kie(ir)ds (3.1) 


sinh sr cosh s(x — @) 
V2= (1 + f cos ézdt f 
3® 0 o sinh sr + & sinh s(2a — 7) 


4 Kis(tr)ds. (3.2) 

First, we deal with V;. The integral over s is denoted by J;. Following the 

method used by Dougall (Gray et al., 1922, p. 101-110), we rewrite the integral 
Jy as: 

cos — 0) + kos s(2a — — m) 

Ji =-1 f sin sr : 

0 sin sr + k sin s(2a — 1) 


If r270, we substitute for the expression, 


K,(iro)K.(ir)ds. (3.3) 


— 


Kilts) 
Sink 


On the other hand ‘f r+, we may similarly substitute for K,(i). Then, using 
the equaiity K_,ftr)= K,{ir), we get: 


ix — 8 + 2 cos — 0 — 
ate sin av Rk sin s(2a — 
We now consider the contour integral, 
[cos s(x — + 
) K (tre) 


sin sr + k sin s(2a — 
where the integration is taken clockwise around a path consisting of the imagi- 
nary axis, indented to the right of the origin, and an infinite semi-circle to the 
right of the imaginary axis. The contribution from the large semi-circle is nil 
since the integrand vanishes exponentially as s becomes infinitely large. The 
integral around the indentation (an infinitesimal semi-circle) tends to: 


+ k) 
+ k(2a — 


And, finally, the remainder of the path along the imaginary axis is the integral 


J, whose evaluation we are seeking. 
The value of the contour integral itself can be got from the theorem of resi- 
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= 


since 
G,(ir) — (—1)"G,(—tr) = wiJ, (ir). 


This integral can be expressed by a Legendre function of the second kind 
(Watson, 1922, p. 389), so that: 


I + + 
2V/ror 2ror 


Thus, the potential V; can be transformed for easy calculations. The second 
potential V2 can be transformed in a like manner. Therefore, we can write instead 


of equations (1.10) and (1.11): 
Ip. I + k 
COS — 6) + COS Sm(2a — — mr) 


mai COS + k(2a — 1) COS Sm(2a — 7) 


(3-9) 


Ipi(1 + k) { 


V2 = 
+ k(2a — 


COS — @) 


+z 


m=1 COS Sma + k(2a — COS Sm(2a — 


where §=(z?+r2+107)/2ror and Sm is a simple root of equation (3.5). The values 
of the Q’s can be obtained from established tables or diagrams. They decrease so 
rapidly as m increases that the computations will not be troublesome. 


SPECIAL CASES 


Although k= +1, the method of images is not always useful. But, if k= +1, 
equation (3.9) becomes simple. Once again, we write V for V; since V2 is unim- 
portant. The roots of equation (3.5) are now easily seen to be n= mm/a if k=1 
and Sm=(2m+1)x/2a if k= —1. The potentials in these two cases then become: 


I bed 


Ta ‘Tor m=1 a 
(2m + 
cos 


2a 


Q (2m41) #/(2a)—1/2(). (4.2) 


: 1 

If k= I, 

If k=-1, V= 
mai 
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Note that the zero term has vanished in the second instance. 

If the angle of dip has one of the special values which make the theory of 
images applicable, the potential may be calculated either from a consideration of 
the images or from equations (4.1) and (4.2). It follows that, in such cases, the 
right side of equation (4.1) or (4.2) can be expressed by the sum of reciprocal 
distances. This fact will be useful for numerical computations because, even when 
the method of images is not valid, part of the terms on the right side of (4.1) or 
(4.2) may be associated with images. 

As an example, we consider the case in which a= 2/3. If k=1, the method of 
images is useful but, if k= —1, the image method is not valid. If k=1, from (4.1) 
and the method of images (Figure 2), we have: 


T 
V,= Q-12(t) + > cos 
(2 mal 
Tp, I 


from which we see that the right side of (4.1) can be expressed by the sum of 


reciprocal distances. We will apply this relationship later. If k= —1, from (4.2), 
we have: 


31 > 3(2m + 1)6 


V = 


In this instance, the method of images is not applicable and we must base our 
computations on equation (4.4). 
If k~ +1, we have from (3.9): 


Ip, I + k 
Vi 
— k/3] 


Q-1/2(E) 


> cos 6) k cos + 1/3) 


COS — COs —— 


3 3 


(4.5) 


where s,, is now a root of the equation, sin sr—k sin (sr/3) =o. This equation can 
be written as: 


(4.6) 


From the first factor, we get the roots s,,=3m (m=o, 1, 2,- +: ) and, from the 
second factor, we get the roots 5m=3(8-+m) and s,=3(m+1—8) where B=(1/m) 
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H 
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arcsin (1/3—k)/2. The terms in V; associated with the first set of roots are 


3lpi(t + I 


which can be calculated numerically by using (4.3) in which the relationship 
with images is shown. Accordingly, this term can be written as 


Ipi(t +k) I I 

Adding to equation (4.8) the terms due to the second set of roots, and letting 


6=0, we obtain the expression for the potential at the surface of the earth on 
the down-dip side of the surface trace of the contact between the two beds: 


6(1 — k 


mao 


Thus we see that for an arbitrary value of k, the potential V; can be expressed 
as the sum of a certain part which is due to images plus a second part which can 
not be associated with images. This fact is also true for other simple values of 
the angle of dip. 

We now represent by Vo=Jp;/27R the potential at the surface of the earth 
if the earth were completely homogeneous. R is the distance between the fixed 
current electrode and the search electrode. Considerable convenience lies in the 
fact that the ratio V,/Vo is constant along each of a family of simple closed curves. 
Using equation (3.9), this ratio is found to be 


COS + k COS Sm(2a — 7) 
COS + k(2a — m) COS Sm(2a — 7) (4-10) 


We can see from (4.10) that the ratio is constant over a curve, on the surface of 
the earth, over which £ and R/+/ror are also both constant. From the geometry 
(Figure 3), we see that R*=(r—r)?+2*%. Therefore, 


R/V/ror = = tre - 2 


= = 5). (4.12) 


That £ is constant also implies that R/+/ror is constant. In other words, V./Vo 
must be constant along curves for which é is constant. Such curves are given by: 
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Fic. 3. Ground plan and cross section. 


(2/ro)? + (r/o)? + 1 = constant X (4.12) 

Clearly, the curves are a group of circles whose centers are on a perpendicular 
drawn from the current electrode to the surface trace of the contact between 
the beds. If we have the values of V,/Vo along a profile extending in any direction 
from the current electrode, we can easily get the values of the ratio along any 
other profile by using these auxiliary circles. 

The ratios V,/Vo, for various values of £, k, and a, have been tabulated in 
Table I. These data are of general utility and may be used to compute other 
quantities including apparent resistivities. The references in the table to “up- 
dip” and “down-dip” are to be used with respect to the fixed current electrode. 


APPARENT RESISTIVITY 


In Figure 4 are shown some typical electrode arrangements in a section per- 
pendicular to the strike of the dipping beds. In each case, the current electrode 
nearest the surface trace is fixed and the electrode separation a is varied. The 
upper configuration is that used in the single-probe method; the second current 
electrode and a reference potential electrode are placed effectively at infinity. 
By composition of the results from more than one arrangement of this sort, we 
can compute the results for other electrode arrangements. 

The middle arrangement represents the double equidistant probe method. 
Once again, the second current electrode is placed infinitely far away. The bottom 
diagram illustrates the Wenner configuration laid out perpendicular to the strike. 
The inter-electrode distances in the Wenner spread are all the same. 


; 
Electrode: 
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TABLE I 


POTENTIAL RATIOS FOR VARIOUS RECORDING Positions, Dip 
ANGLES, AND RESISTIVITY CONTRASTS 


ere V,=Potential from a Point Electrode Over a Dipping Bed 
Vo= Potential from a Point Electrode Over Homogeneous Earth 
1.25 1.50 2.0 2.5 3.0 "4.0 5.0 10.0 
Up-dip side «500 -618 +732 +791 - 800 I. 
R/ro Parallel to strike +707 1.000 | 1.414] 1.732 2.000 | 2.450] 2.828] 4.243 
Down-dip side 1.000 | 1.618 | 2.732] 3.7091 | 4.821 6.873 | 8.899 | 18.950 
ie k= 1 1.756 2. 2.265 2.414 2.512 2.633 2.706 2.852 3 
5 -75 1.526 | 1.688] 1.862 1.969 | 2.032 2.112 2.156 2.249 | 2 
50 1.330 1.438 1.545 1.590 1.630 1.677 1.705 1.755 I 
a=n/3 I.141 I.190 | 1.241 1.270 | 1.204] 1.316 | 1.321 1.5441 
60° —.25 880 .827 780 -754 748 719 -701 
—.50 761 670 - 588 - 560 525 495 473 +455 
a 653 533 416 -362 323 285 259 221 
k=-1 548 410 270 -196 150 102 074 026 
k= 1 2.228 2.655 2.992 3.204 | 3.330 | 3.507 3.605 3.802 4 
-75 1.792 2.001 2.255 2.384 2.461 2.578 2.613 2.689 2 
.50 1.472 1.615 1.72 1.792 1.837 te 1.915 1.967 2 
V,/Vo| a=x/4 1.220] 1.276] 1.31 1.344 | 1.368] 1.303 2.5 1.410 | 
45° —.25 .837 .768 +730 +709 -609 689 -678 -670 
—.50 686 -571 -513 -475 +434 +420 +405 
-554 -396 -323 +274 .248 +221 -207 
-439 289 -163 106 .074 +042 .028 +007 
k= 1 3.244 | 3.861 4-475 | 4.801 5.008 | 5.259] 5.408] 5.703 | 6 
75 2.305 | 2.621 2.017 | 3.070 | 3.175 | 3.28% | 3.332] 3 3 
-50 1.720 1.936 2.017 2.087 2.189 2.192 2.109 2.236 2 
a=nr/6 1.311 1.373 1.422 1.444] 1.468 1.486 | 1.480 I 
30° —.25 -772 -712 .675 -650 .656 .649 -644 -643 
{ —.§50 -573 +422 +400 +391 -383 -376 
—.75 -41I +207 .221 -195 .184 -174 .169 -168 
| k=-1 268 -139 +055 -028 .o16 .007 .000 


For the single probe method, the apparent resistivity is defined as 


| 
V. 
p (5.2) 
Therefore, 
Pa/p1 = V./Vo. (5-2) 


These values are the ones which can be read directly from the table. 


' Similarly, for the double equidistant-probe method: 
a 
Vs 4ma 
Pa = = [V.(a) V,(2a) | (5.3) el 
Se 
: and 
/ Va) Te 
po/py = — 5-4 m 
| Vo(a) Vo(2a) 
| V, as used in equation (5.3), is the potential difference between the two search 
electrodes. 


For the Wenner configuration of electrodes, the apparent resistivity is given 
by 
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"| 
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Fic. 4. Arrangement of electrodes. The upper is for two-electrode system, the middle for three- 
electrode system (double equidistant-probe method), and the bottom is for the Wenner set-up. 


pa = 200 — (5-5) 


and the ratio p,/p: can be calculated by properly combining the results from two 
configurations represented by equations (5.3) and (5.4)—one in which the search 
electrodes are down-dip from the current electrode and the other in which the 
search electrodes are up-dip. 

Several apparent resistivity curves have been presented in Figures 5 through 
10. In Figures 5, 6, and 7 are shown curves for the double equidistant-probe 
method for three values of the angle of dip. Curves for the Wenner configuration 
for various values of the angle a when the lower layer is a perfect insulator or a 
perfect conductor are shown in Figure 8. The line of electrodes is perpendicular 
to the strike of the dipping beds. Figures 9 and 10 show curves due to the Wen- 
ner configuration aligned parallel to the strike, for various values of k, when the 
angle of dip is 45 and 60 degrees, respectively. 
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In each of the examples given, the current electrode nearest the surface trace 
is fixed and the depth to the interface directly below this electrode is designated 
as h. 


Eprtor’s NoTE ON REFERENCES 


References cited in this paper are listed on pages 146—147 immediately following the discussion, 
which begins on page 140. 
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APPARENT RESISTIVITY FOR DIPPING BEDS—A DISCUSSION* 
Rosert G. Van Nostranpf AND KENNETH L. Coox{ 


Two groups of workers, here designated the “image school” and the “harmonic school” respec- 
tively, have attacked the problem of the interpretation of resistivity data over a dipping bed or dip- 
ping fault. The earlier attempts were made by the image school; but the more successful attempts 
have been made only recently by the harmonic school. The most successful work prior to that pre- 
sented in the foregoing paper by Maeda has been done by the Russians, whose papers in their English 
translation are probably available to few American geophysicists. The purpose of this discussion is to 
appraise the relative merits of various prior solutions to the dipping bed problem in the light of the 
exact solution to the problem, which is given by Maeda. The terminology and symbols used herein are 
identical to those used by Maeda in his paper. 

In the first general work to appear on electrical prospecting, Conrad Schlumberger (1920) showed 
how one can determine the direction of dip from an equipotential-line map. Weaver (1928) pub- 
lished a curve, assumed to be exact, which shows the departure from the normal of the potential due 
to two current electrodes placed over a bed with a ten per cent (slightly less than six degrees) dip 
where the resistivity of the overlying bed was ten times that of the lower bed. He compared this curve 
with the corresponding curve for a horizontal contact at a depth equal to the depth of the dipping 
contact at a point midway between the current electrodes. However, he did not tell how he arrived 
at the data from which the curve was drawn. Stern (1933) worked out a qualitative, graphical method 
for constructing resistivity curves over dipping beds. Since his results seem to represent an even 
less valuable approximation than those obtained through the use of the image theory, they will not 
be mentioned further in this paper. 


THE IMAGE SCHOOL 


The first use of images in the solution of the dipping bed problem was apparently made by 
Peters and Bardeen (1930). They derived the necessary governing equations for the potential distri- 
bution between two parallel, infinitely long, cylindrical-shaped electrodes (i.e., grounded wires) 
oriented along the surface in a direction parallel to the strike of the dipping beds. They treated only 
angles that are submultiples of 1/2 and only cases in which the lower bed is either a perfect conductor 
or a perfect insulator. Because their electrodes were always placed in the upper formation, the method 
of images was always applicable for the /ine electrodes they assumed. The present discussion is pri- 
marily concerned with the interpretation of resistivity measurements made with point electrodes, 
which gives rise to the three-dimensional problem. 

The first use of images in the solution of the dipping bed problem for point electrodes was made 
in a thesis written by Aldredge in 1933 and published by him in 1937 (Aldredge, 1937). He considers 
apparent resistivities as measured with the Wenner configuration oriented perpendicular to the strike 
of the dipping beds. Basically, his approach to the problem is an extension of the image solutions 
that had been successfully applied by others to horizontal beds. It is shown below that an extension 
of the image theory, such as that used by Aldredge, to the dipping bed problem is valid only in a few 
special cases. Moreover, in adapting the image theory—as it had been previously used for horizontal 


* This discussion of the preceding paper by Maeda has been invited by the Editor. Received 
October 8, 1954. 

t Field Research Laboratories, Magnolia Petroleum Company, Dallas, Texas. 

t Department of Geophysics, University of Utah, Salt Lake City, Utah. . 
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beds—to the dipping bed problem, Aldredge modifies the theory by restricting the number of 
images to w/2a, or to the next smaller integer if +/2a is not an integer. Although he does not state 
his reasons, Aldredge apparently bases this restriction on an analogy, which we consider basically 
unsound, between electric fields and the reflection of light by mirrors. For a given electrode separation 
and resistivity contrast, Aldredge’s restriction introduces a discontinuity in the potential function 
as the angle of dip @ is increased through a submultiple of x/2, because at such a value of a the 
function is affected by one less image than it is at an infinitesimally smaller angle. Because his as- 
sumptions are not valid generally, and because the necessary boundary conditions are not satisfied, 
Aldredge’s solutions are at best only approximations. 

Aldredge’s theoretical work, without modification, became the basis for four other papers (San- 
jeevareddi, 1936; Jameson, 1941; Carreno, 1948; and Trudu, 1952), all of which obviously contain the 
same shortcomings in theory as did Aldredge’s original paper. Sanjeevareddi extended the resistivity 
studies and added several apparent resistivity curves to the set presented by Aldredge in 1933. Also 
he tried to check the earlier theoretical work by some ingenious model studies. However, because of 
experimental difficulties, which he acknowledged, we believe his model results were inconclusive 
with regard to the validity of the theoretical work. Jameson applied Aldredge’s potential functions 
to potential-drop-ratio studies over dipping beds. Carreno similarly applied Aldredge’s potential 
functions to a modification of the potential-drop-ratio method as it is used in the United States. 
Trudu (1952) extended the principle which Aldredge had set down by computing resistivity curves 
for a variety of configurations and orientations of the line of electrodes. 

Roman (1951), in a general review of resistivity methods, condemns the use of the “light” 
analogy for the dipping bed problem, but retains the principle that the use of the image theory 
has general application, even for the dipping bed problem. 

Early workers in potential theory recognized the restrictions on the image theory when applied to 
the wedge problem in electrostatics (MacDonald, 1895); but Unz (1953) was the first in the geo- 
physical literature to acknowledge the limited validity of the image theory. Unz shows by logical 
analysis that image theory is valid only when the dip angle is a submultiple of z if the bottom layer 
is perfectly insulating, or a submultiple of x/2 if the bottom layer is perfectly conducting. He points 
out that image theory is not strictly applicable for intermediate resistivity contrasts but that “the 
deviations caused by this distortion are negligible at small absolute values of the reflection factor k 
and also at sharp dip angles. . . .”” He then proceeds to set up potential functions for angles which 
are submultiples of x and for general values of the reflection factor. He assumes that the correct po- 
sitions of the images are the positions that they would occupy were the lower bed perfectly insulating 
(k=1), that there would be only one image at each point, and that there would be no other images. 
He concludes that the greatest error, in applying this assumption to the Wenner configuration laid 
out parallel to the strike, is found in the asymptotic value of the apparent resistivity as the electrode 
separation is made very large. It is possible to compute these asymptotic values directly from ele- 
mentary considerations and thus he has some check on the degree of error in his approximations. 

Unz further tries to infer the accuracy of his assumption by determining the error involved when 
only a limited number of images is used to calculate apparent resistivities for a given two-layer prob- 
lem for various values of the electrode separation. Since this check is concerned only with order of 
magnitude and seems to be satisfactory in that respect, he concludes that his approximation is “‘field- 
worthy.” 

Although there are many curves presented in the other papers discussed above, the only strictly 
exact curves are presented by Unz for the apparent resistivity as measured with the Wenner configu- 
ration in the upper tormation and oriented parallel to the strike of the dipping beds. In each of Unz’s 
curves, the constant parameter is the distance from the line of electrodes to the contact plane along 
a line perpendicular both to the line of electrodes and to the plane. His graphs show 1) apparent re- 
sistivity versus electrode separation for k= +1 and various angles of dip, 2) apparent resistivity ver- 
sus electrode separation for k= —1 and various angles of dip, 3) apparent resistivity versus angle of dp 
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for k=-+1 and various electrode separations, and 4) the asymptotic value of the resistivity versus 
angle of dip for various positive values of k. Of the other curves in the literature, all are approximate 
to some degree; Unz’s approximate curves, as compared to the other approximate curves, stand on 
the firmest ground since he has tried to analyze the degree of approximation. None of the above 
authors, including Unz, claims to have derived a potential function which is valid on the up-dip 
side of the surface trace of the contact between the dipping beds. Indeed, there has been no treat- 
ment by members of the image theory school which would enable one to cross the contact with his 
electrode configuration. 

To conclude our discussion of the image school, attention is directed to the work of Keller (1953), 
who determines very formally all of the shapes of perfect conductors for which a Green’s function 
may be formed by the use of image theory. Basically, the reason why images are not valid in the gen- 
eral case is that, in order to satisfy conditions at the boundaries through the use of images, singulari- 
ties must be introduced in regions where there should be none. The facts which we have discussed 
above are consistent with Keller’s findings. 


THE HARMONIC SCHOOL 


The harmonic school had an early start in the field of potential theory, and has given ever- 
increasing help in the solution of many geophysical problems. It is only recently, however, that the 
full power of harmonic analysis has been utilized in solving completely the dipping bed problem. 

An electrostatic problem involving point charges can be readily converted to a corresponding 
current problem involving point sources of current merely by properly changing the constantsin the . 
solution and by properly choosing a plane to represent the earth’s surface. Thus the solutions of the 
wedge problem in electrostatics can be converted to valid solutions of the dipping bed problem in 
direct current theory. If the electrostatic solution is }» cgs units, the corresponding electrodynamic 
solution is obtained by substituting Ip/4m for g/«, where x is the dielectric constant. Similarly if the 
electrostatic solution is in mks units, Jp is substituted for g/e, where € is the capacitivity. 

MacDonald (1895) obtained solutions for the potential due to a point charge in the vicinity of 
the intersection of two conducting planes. He investigated the many ramifications of his solution and 
showed that it was equivalent to a solution due to a set of images only if the wedge angle (which is 
twice our angle of dip) is a submultiple of x. He also showed that when the wedge angle is an odd 
submultiple of 27, the solution reduces to a closed form with a finite number of terms. In terms of the 
set-up and symbols used by Maeda, MacDonald’s solution becomes: 


I 
Vi = sin? = I nx sr)as 
noo 2 2a Jo (1) 


V;=0 


Rice (1940) simply wrote down a solution to the general problem of the field due to a point charge 
in the vicinity of a dielectric wedge and then proceeded to verify that the solution satisfied all of the 
conditions of the problem. He manipulates his initial solution, which contains integrals involving the 
Legendre function of the second kind 


r2 + + 2? 
2ror 

into summations of the form of Maeda’s equations 3.9 and 3.10. 
Russian workers were apparently the first group of theoretical geophysicists to attack rigorously 
the general problem of electrical prospecting with point electrodes over dipping beds. Markov (1938) 
derived a complex solution using Neumann’s ring coordinates, but his solution is limited to the case 
in which the underlying bed is perfectly conducting. Tikhonov (1946) obtained a solution to the 
appropriate integral equations by means of successive approximations. Tiurkisher (1946) ex- 
tended these solutions and showed that part of the solution reduced to a complete elliptic integral. 
Some approximate curves, based on Tikhonov’s method, for dip angles of 30° and 45° were published 
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by Berel’kovskiy and Zubanov (1951). The theoretical work of this group culminated in the studies 
of Skalskaya (1948), who obtained a complete solution to the problem for all possible angles of dip, 
following a modification of the procedure established by Grunberg (1940) in solving the correspond- 
ing electrostatic problem. Although her procedure, which involves the use of a Fourier-Bessel type 
integral transformation, is slightly more complicated than Maeda’s direct solution of the differential 
equation, Skalskaya’s general solution is identical to Maeda’s equations 1.10 and 1.11. Also, she has 
shown that the general solutions reduce to the correct expressions in the limiting case at large dis- 
tances from the current electrode. She further demonstrates that her results reduce to MacDonald’s 
equation when p2 approaches zero. Skalskaya has also reduced the general solutions to comparatively 
simple expressions for the potential distribution on the surface of the earth when the dip angle has 
certain values. For example, when a=7/4: 


2k 4 
ar its? S(r +70)? + 2? 


— k*?) sinh dsds 


(2) 


(3)! 


And for a= 37/4: 
Ip, (1 k sinh (x — 4)sds 
0 


4 


Vv, = — 
’ 


Ip. (r+ k(t +k) sinh (x — 6)sds 


where cos 6= — k/2. Comparatively simple expressions may also be derived for other angles which are 
submultiples of x or their supplements. We feel that expressions of this type are the most ‘suitable 
yet presented for computation of resistivity data over dipping beds. 

A paper by Sumi (1953) has been brought to our attention too late for us to check its contents. Ac- 
cording to Geophysical Abstracts, “Sumi derives formulas for computing the dip from apparent re- 
sistivities obtained, valid for any value of the dip.” We do not know whether the work of Sumi falls 
into one of our two classifications or into a third empirical group. 

Turning now to Maeda’s paper itself, we find it on the whole to be an excellent, direct treatment 
ef the problem. We would contest, however, the fact that computations, based on equations 3.9 and 
3.10, are always simple. The function Q,(¢) becomes infinite as approaches unity. This fact becomes 
especially important when these equations are being used to compute horizontal resistivity profiles 
perpendicular to the strike. In this case, z=0. Then, when the current and potential electrodes strad- 
dle the surface trace of the contact between the dipping beds, and r becomes nearly equal to ro, the 


function 
+ 19? + 2? 
2ror 


becomes very large. Although the potential function as a whole tends to some finite value as r ap- 
proaches rp (Rice, 1940), computations based on these equations become unwieldy. Moreover, we 


1 This expression is derived in Skalskaya’s paper. She merely wrote down the other three without 
derivation. 
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know of no satisfactory tabulation of the Legendre functions of the second kind of er order 
such as are required in this sort of computation. 


COMPARISON OF APPARENT RESISTIVITY CURVES 


Finally, we present a diagram showing curves (Figure 1 of Discussion) based on the approxima- 
tions which have been previously offered, together with the correct vertical profile curves for beds 
dipping at an angle of 45°. The resistivity contrast is 1 to 4, the upper set of curves representing the 
case in which the upper bed is most conducting and the lower set the case in which the lower bed is 
most conducting. The Wenner configuration is aligned parallel to the strike of the beds, as shown in 
Maeda’s Figure 9. The apparent resistivity is plotted against the electrode separation on logarithmic 
paper as it most likely would be in the field. The exact curves are based on equation (2) above. The 
integral was evaluated by Simpson’s Rule, dividing the intervals oS$sS1 and 1 Ss 34 each into six 
parts. The remainder for s >4 is negligible, being less than 0.05%. Computations for the approximate 
curves are based on equations given by the respective authors. 

For k= +0.6, we see that Unz was correct in assuming that the maximum error in his raw curve 
was in its asymptotic value. His modified curve very closely approximates the true curve, displaying 
an error of only 3.5% at about a=2. It is interesting to note that the Aldredge curve, which is based 
on an unacceptable premise, is about as good as the Unz corrected curve in this case. Unz’s modified 
curves for k= —o.6 contains a maximum error of about 15% at a=2. In this case, Aldredge’s approach 
leads to a negative apparent resistivity, which is possible in some cases of very complex geology 
but is impossible here. 

We emphasize that this example, both with respect to the resistivity contrast and to the angle 
of dip if that angle is a submultiple of x, embodies about the maximum error possible in Unz’s ap- 
proximation.? Therefore, it should be borne in mind that errors in approximations for other angles 
or for other resistivity contrasts would at worst be only slightly larger than those shown in this ex- 
ample and would probably be less. Of course, there would be no error when k= +1, when a=0o’, or 
when a=go’. 

CONCLUSIONS 


General conclusions, especially those concerning the accuracy of approximations applied to ex- 
amples other than the one chosen, must await a more thorough study that includes variations of all 
the parameters, such as angle of dip, resistivity contrast, and orientation of the electrode configura- 
tion. Without exact numerical computations, the quantitative influence of the parameters upon the 
character of the apparent resistivity curves is often unpredictable. We are currently making such 
comparative studies and the results will be made available later. 

We emphasize that Unz’s analysis is restricted to traverses lying in the upper bed and oriented 
parallel to the strike of the dipping beds. His approximations seem to be adequate for positive reflec- 
tion factors but are borderline for negative reflection factors. 

For positive reflection factors, the apparent resistivity curves based on Aldredge’s method war- 
rant checking to ascertain the limits of their reliability in the case of profiles taken both parallel and 
perpendicular to the strike of the dipping beds. 

Maeda’s paper is the first in English to give a complete solution to the dipping bed problem for 
all values of the angle of dip and for all resistivity contrasts. Of the various expressions available for 
computations, however, we prefer ones of the type presented by Skalskaya and given herein; they are 
not subject to convergence restrictions and do not require tables of special functions. 


REPLY BY DR. MAEDA TO PRECEDING DISCUSSION 


It was a pleasure for me to receive a copy of the discussion of my paper by Drs. Van Nostrand 
and Cook. Through their detailed description, the previous studies on dipping beds and the relation 
between them have been greatly clarified. 


2 This idea was suggested by Unz upon reading a preliminary draft of this discussion. 
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Fic. 1 OF Discussion. Comparison of approximate resistivity vertical profiles (Wenner configu- 
ration) with exact curves for k= +0.6, a=45°, and with line of electrodes parallel to strike. a) Exact 
curves based on Maeda and Skalskaya. b) Unz preliminary curves based solely on images. c) Unz cor- 
rected curves. d) Aldredge curves. See also Maeda’s Figure 9. 


They point out that in the case s=o, the function Q becomes very large as r becomes nearly 
equal to ro, making numerical calculation complex. This difficulty, I think, is inevitable. Legendre’s 
function of the 2nd kind Q,(x) is defined for |x| >1, as follows: 


(2vy-+ 1)! 2(2av+3) 2? 2°4(2v + 3)(2v + 5) 


The case where z=0 and r=r9 corresponds to x= (r?+-r¢?+-2*) /arro=1. We must avoid the case where 
x=1, since the calculation becomes necessarily unwieldy as r approached to ro. 

According to Dougall (Gray et al., 1922) there ought to be three possible forms of Green’s 
function generally containing Bessel functions, each of which has its own region of rapid convergence. 
My expression (3.9) or (3.10) is one of these forms and I believe that it should be possible to ob- 
tain other forms. Then the calculation about x=1 might become easy. For the present, the above- 
mentioned difficulty can not be removed. Since, however, the limit of apparent resistivity is p; as r 
approaches to ro and s=0, we can use the method of interpolation. 
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For the calculation of Q,(x), I used the following expression: 
For integer n, 
Qn(x) = — ~ Pa(a) log — 


where P,,(x) is Legendre’s function of the first kind and Wy_1(x) is defined as follows: 


= Py—s(x) + Pr_—o(x) 


whereupon 


Q2(x) = = P(x) log x, 
2 | 2 


2 y= F 2 


3 

If we plot Q,(x) on a logarithmic scale and n on a linear scale, taking fixed x, we obtain curves 
which are almost linear except at small values of nm. Using these curves, we can obtain Q,(x) for arbi- 
trary v by interpolation. This is the procedure by which I calculated Q,(z). 

I hope to investigate the relation between equations (3.9) or (3.10) and other expressions obtained 
by the “harmonic school.” Further, I should like to add that in attacking the problems of dipping 
beds an enormous amount of numerical calculation is desirable for various angles of dip, electrode 
spacings, and reflection factors, both for the up-dip and the down-dip sides, in order to reach general 
conclusions. But these calculations will be extremely laborious. 

Fortunately many types of digital computing machines have been perfected in America. I hope 
to see these calculations and tabulations accomplished by these computing machines. 

In conclusion, I must express my gratitude to Drs. Van Nostrand and Cook for sending me their 
discussion and for bringing many other references to my attention. 
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FIRST VERTICAL DERIVATIVE OF GRAVITY 


ELEMENTARY DERIVATION OF A FORMULA 


An alternate to Peters’ (1949) derivation is the following one: 
Let U(P) be the potential at the point P due to a surface distribution of den- 
sity, o(Q), on a level plane below P. Then 


a(Q)dA 
U(P) - (oe, (2) 


where dA((Q) is an element of area associated with the point Q, rap is the distance 
from P to Q, and the integration is over the whole infinite plane. 

Taking the positive z axis vertically downward, we find by direct differentia- 
tion 


(2) 


where y is the angle between the vector from P to Q and the positive z direction. 
As cos f (P, Q)dA(Q)/rer? is the element of solid angle, viewed from P, sub- 
tended by the element of area, dA(Q), it is not difficult to show that if o(Q) is 
bounded and continuous, then as P approaches a point Q; on the surface of mass 
distribution, in the limit 


dU(Q:)/dz = 240(Q:), (3) 


and so equation (1) may be rewritten 


I dU(Q)/dz 
u(p) == f (4) 
27 

Equation (4) expresses the solution of the Neumann problem for the plane 
case for any function U satisfying Laplace’s equation. But both g(P) and dg(P)/dz 
satisfy Laplace’s equation in this case and therefore equation (4) may be rewrit- 
ten: 


dg(P 
g(P) = 4A(Q). (s) 


0z 27 


To complete the derivation, note that if any constant is added to the U(P) 
in equation (4) or to dg(P)/dz in equation (5) the Neumann problem will still be 
solved by the sum. We fix the constant by supposing U(P) and dg(P)/dz approach 
zero as z->— ©, Thus for our purposes (4) and (5) are correct and complete as 
they stand. 

Let us use cylindrical coordinates. Then (5) becomes 


dg(0, 2, 0) f © (8°¢(r, 0)/82?)rdr 
Oz (7? : 


(6) 
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THE FIRST VERTICAL DERIVATIVE OF GRAVITY* 


HERMAN A. ACKERMAN? C. HEWITT DIXt{ 


ABSTRACT 


A formula is given which permits the relatively convenient calculation of the first vertical 
derivative of gravity in terms of the distribution of the second vertical derivative of gravity. The 
use of the formula is illustrated in a simple case. The formula is compared to Evjen’s with respect to 
convenience of use. 


INTRODUCTION 


Evjen (1936, p. 134, equations (16) and (19)) has given a formula for the 
computation of the first vertical derivative of gravity. It is based upon the solu- 
tion of the problem of Dirichlet in potential theory (Kellogg, 1929, p. 236; Hada- 

mard, 1930, p. 49-56, 74; Gunther, 1934, p. 152-193). This problem is usually 
stated for a closed region: the earth, for example. At the surface, the gravitational 
potential may be supposed everywhere known. The (exterior) Dirichlet problem 
is then that of finding the potential due to the mass distribution of the earth at 
all exterior points from the values of the potential given on the surface. The 
Dirichlet problem used by Evjen is an extension to the limiting case of the infinite 
half space (Hadamard, 1930, p. 74). In this case, if U(x, y, z) is the potential, 
then gravity, g(x, y, 2) =«xdU/dz, where x is the Newtonian gravitational constant, 
satisfies Laplace’s equation and the Dirichlet problem solution formula (Evjen, 
1936, p. 133, equation (13)) can be applied directly in this case. 

Another boundary value problem of potential theory may be applied to the 
problem, namely the Neumann problem. Here the normal derivative of the 
potential (normal to the boundary surface) is given and the harmonic function 
(satisfying Laplace’s equation) is to be found from this given data. Now the first 
derivative, dg/dz, satisfies Laplace’s equation (for the case of the infinite plane 
boundary) and so if we know 0%g/02z’, which is easily found (Evjen, 1936, p. 128, 
equation (4)), then we can calculate dg/dz by the formula for the solution of the 
Neumann problem. We use this latter mode of approach. 

Nothing really new is claimed in theory. Our formula is given by Peters (19409, 
Pp. 305, equation (32)). We only claim that our expression may be more convenient 
than Evjen’s in some cases. It has been more convenient in several practical 
cases. The integral that has to be evaluated graphically appears to be more 
rapidly convergent and easier to handle. 


* Manuscript received by the Editor April 6, 1954. 
Tt Socony-Vacuum Oil Company, New York, N. Y. 
{¢ California Institute of Technology, Pasadena, California. 


148 


i 
: 
i 
5 i 
| 
: 
| 
i 
{ 
4 
— 
— 
4 
i 
‘ 
3} 
— 


FIRST VERTICAL DERIVATIVE OF GRAVITY 151 


We have made contour maps for g and 6*g/dz* taking care to use practically 
the same number of contours in each case. Our rough block graphs are shown in 
Figures 1 and 2, using our expression and Evjen’s respectively. Our very rough 
result using Figure 1 and equation (8) is dg/dz=0.155 X10~* gals/meter. Using 
Figure 2 and equation (10) we get dg/8z=0.55 X 10-* gals/meter. 


a4 


g(r,0)/227(gals/meter 


> 
2000 r (meters) 


Fic. 1. Graph of d%g(r, 0)/dz* vs. r for approximate determination of dg(0, 0, o)/dz 
by the method of the present paper. 


An investigation discloses that there are two major sources of error in the 
latter result. One is due to the approximate treatment of the graphical integration 
near r= 250 meters. Rather than plot g(r, o)/r? it is better to plot g(r, o) and use 
the mean value theorem (Franklin, 1940, p. 201, equation (49)). This brings the 
value down to 0.345 X10~* gals/meter. 

Another cause of error is cutting off equation (10) at r= 2,500 instead of at 
©, Taking account of this originally neglected part of the integral we come 
down to 0.145 X107~ gals/meter. 


COMPARISON OF METHODS 


If a second vertical derivative map of an area is available, as it usually is if 
the calculation of the first vertical derivative is contemplated, we think our for- 
mula a little easier to apply than Evjen’s. Azimuthal averaging and graphical 
integrations are required in any case. Our formula is convergent without special 
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g(r,0) 


Oz? 27 0 02? 
For z=0, equation (6) becomes 


= J dr. (8) 


Equation (8) and (7) constitute our basic formulae. Evjen’s corresponding 
formulae are 


I Qr 
g(r, 0) = g(r, 0, (9) 


- 0g(0, 0, ©) a(R, o) g(r, 0) 


where R is the radius of the circle bounding the area within which g(r, o) may be 


considered constant. 
Jeffreys (1938, p. 310-311) has given a discussion similar to Evjen’s and finds 


dr. (rr) 


R 


Oz R r? 


In the example given, the correction of Jeffreys’ expression amounts to about 2%, 
which is quite negligible. Jeffreys (1938, p. 310) indicates that Green (1828, p. 
58) gave a closely related formula. 


APPLICATION 


Consider a horizontal plane at a depth of 1,000 meters. To the left of a refer- 
ence line let the surface density on this plane be zero and to the right let it be 
2,000 g/cm*, This corresponds approximately to a slab with a density difference 
of +0.2 g/cm’ and a thickness of 100 meters at an average depth of 1,000 meters. 
At the datum level we have 

g.= — tan (2/2)), (12) 


Og/dz = — 2xox/(x? + 2?) (13) 
and 
0°g/d2? = gxoxz/(x? + 2%)? (14) 


where z is the depth and +-~ is the distance to the right (over the mass). Take 
*x=-+1,000 meters. Then g=6.28X10~ gals and dg/dz= 1.33 X10~7 gals/meter. 
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treatment of the origin neighborhood. It is easier to surround a second derivative 
map with an outer region where the second derivative is identically zero (and 
thus secure rapid convergence at r= ©) than it is to handle the corresponding 
problem for Evjen’s integral. Regional effects have already almost disappeared 
from our second derivative map. sas 

We feel that our process can be handled more satisfacto ily by personnel 


(qals/meter 


2000 r(meters) 


Fic. 2. Graph of g(r, 0)/r* vs. r for approximate determination of dg(0, 0, 0) /dz 
by Evjen’s method. 


that do not understand the finer points of a graphical integration. These finer 
points consist of the selection of R in equations (10) or (11) and the selection of 
the upper limit of integration in these equations. 


MISCELLANEOUS COMMENTS 


Baranov (1953) has given a careful treatment of a practical procedure for 
handling Evjen’s type of calculation. It may be applied equally well to our type 
of computation. It is one of many possible procedures that might be employed for 
numerical integration (Whittaker and Robinson, 1940, p. 132-161). By using a 
carefully worked out integration procedure, such as Baranov’s, greater accuracy 
can be obtained than we have sought in this note. 

With regard to the question of errors the uncertainty in the second derivative 
is often rather severe. The error in the first derivative is a little reduced by the 
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averaging procedures. Since Evjen’s procedure and ours represent different ways 
of combining the original data, it would be interesting occasionally to make the 
computation by these two procedures and look at the difference as a measure of 
uncertainty. 

Skeels and Watson (1949, p. 133) have indicated how the gravitational po- 
tential may be computed. Note that our equation (4) can be written 


U(o, = f g(r, o)dr. 

Jo 
By using this to calculate and map the potential UV, we secure a map from which 
dg/dz2=xd?U /d2’ is directly and simply calculated. This cannot be recommended 
as a rough procedure because of the accuracy needed in U for the computation 
of 0°?U /dz*. However, if the U values are computed with much care this will give 
an averaging and smoothing operation on the data which should reduce the effect 
of isolated errors in g. We cannot use equation (15) unless g(r, o) vanishes rather 
quickly as r increases. Usually this is not the case. However, g(r, 0) ordinarily 
approaches a fairly restricted range of asymptotic values, for various origins 
on the map, as r increases. The constant value of the average of these asymptotic 
values of g(r, 0) may be subtracted from g(r, 0) so that the average asymptotic 
value becomes zero. Then using the new reduced g(r, o)’s, equation (15) can be 
applied. 

It may be noticed that the geoid is an equipotential surface. If we assume this 
equipotential surface to be strictly plane over our region then, clearly as 0?U/da? 
and 6?U/dy* are both zero over this plane, U being constant there, so d?U/dz* 
=o=0g/dz. The answer to this difficulty is that while the analysis above is exactly 
correct, the geoid is not plane. Green (1828, p. 42-45) gave the formula for the 
mean curvature of the geoid in terms of the vertical gradient, which can be written 


where R, and R, are the respective radii of curvature in the directions x and y 
in the tangent plane to the geoid at the point considered. By combining dg/dz 
and g determinations with torsion balance ‘“‘curvature’’ measurements, R, and 
R, can be separately determined so we can determine in this way the local geome- 
try of the geoid. 

The operation we carry on in the plane is to be understood as a determination 
of the very small variations of U in this plane. We must not assume that our 
plane coincides with the geoid. From U and dU /dz=g/x we determine the varia- 
tion, of the geoid from our datum plane. Needless to say this is not a new problem 
(see, for example, Vening Meinez, 1934, p. 13, and Stokes, 1883, p. 168). 

With regard to work on the vertical gradient of gravity, reference should be 
made to papers by Hofmann (1949) and by Tsuboi and Kato (1952). 
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INSTRUMENTATION FOR A NEW ELECTROMAGNETIC GEO- 
PHYSICAL FIELD TECHNIQUE, AS APPLIED IN SOUTH 
AFRICA* 


G. BELLAIRSf 


ABSTRACT 


The carrying out of rapid geophysica! surveys by the electromagnetic method has been facilitated 
by the development of new apparatus, which enables the field intensity at any point to be read di- 
rectly from the scale of a portable instrument. 


INTRODUCTION 


Sundberg (1923) and Hedstrom (1937) described a method of geophysical 
exploration by injecting alternating currents into the ground and measuring the 
resultant distribution of electromagnetic field at the surface. Guelcke (1945) 
described a similar apparatus employing a comparative method of measurement. 
Enslin (1954) has devised a simplified experimental method to make possible 
accurate location of narrow vertical or inclined geological structures like joints, 
fault-planes, mineralized fissures, and weathered dykes. The following paper de- 
scribes a newer type of apparatus built to exploit Enslin’s modified technique, in 
which the field intensities are measured by means of portable direct-reading in- 
struments, 

From the point of view of the instrument designer, Enslin’s electromagnetic 
field technique requires solution of two associated problems: 

(a) The injection into the earth, between two separated earth electrodes, 

of a stable alternating current of constant frequency, and 

(b) The measurement by means of a portable and stable equipment of the 

resultant alternating field set up at various points on the earth’s surface. 
(As a rule, only the horizontal component is of interest.) 

The apparatus required for injecting the current into the ground is only re- 
quired to be moved when the earth electrodes are moved, i.e. at comparatively 
infrequent intervals of time. It is, therefore, perfectly feasible to employ light 
motor transport for carrying this part of the equipment. The field intensity 
measuring apparatus, however, must of necessity be carried by the observer from 
station to station. This instrument must, therefore, be made as light and rugged 
as possible. The following sections describe the two sets of apparatus referred 
to, and show the steps taken to meet these requirements. 


* Presented before the Society at its Annual Meeting in St. Louis April 15, 1954. Manuscript 
received by the Editor April 26, 1954. 
t F. G. Slack and Co. (Pty.) Ltd., Johannesburg, S.A. 
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THE OSCILLATOR UNIT 


The oscillator unit is of comparatively conventional design, comprising a 
thermionic oscillator, an intermediate or buffer amplifier, and a medium-power 
push-pull output amplifier. The entire equipment is arranged to be energized 
from a 220-volt ac supply, derived from a portable gasoline-criven generating 
set. The generating set forms the starting point of the design, since it is desirable 
that the power requirements of the oscillator unit should be well within the capac- 
ity of a normal 1 kw generator set, after the usual allowances are made for the 
effects of high ambient temperature, high altitude, and rugged operating condi- 
tions. It was thought wise to limit the input to the oscillator unit to approximately 
500-600 watts on this account, and the oscillator was therefore designed to de- 
liver the greatest possible power output within the input limitations set. 

An interesting point arises in the connection of the oscillator unit to the earth 
electrodes. The earth resistivities normally encountered vary considerably, and 
it was necessary to arrange for the oscillator to deliver its power efficiently into 
loads varying between 100 and 1,000 ohms. This was very conveniently achieved 
by means of a multi-ratio output transformer, ratios being selected by a rotary 
switch. The salient features of this equipment are shown by the simplified circuit 
diagram of the oscillator unit in Figure 1. 

OSCILLATOR UNIT 
Tunap 
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BUFFER 
POWER AMPLIFIER 


Fic. 1. Simplified circuit diagram of oscillator unit. 


Anode power supplies are obtained from mercury vapour rectifier tubes, and 
voltage regulators are also incorporated to render the amplitude and frequency 
of the output of the oscillator substantially independent of small changes in 
generator voltage such as may be experienced when the generating plant warms 


up. 


The frequency of the oscillator unit is pre-set at the factory, and automatic 
time delay switching is incorporated to ensure that the various parts of the ap- 
paratus switch themselves on in the correct sequence. 

The physical construction of the apparatus was very carefully considered in 
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view of the arduous field conditions to be expected. The equipment is assembled 
on a heavy gauge, rust-proofed, steel chassis, resiliently mounted inside a venti- 
lated steel case, through which air is blown by means of a self-contained fan to 
ensure proper cooling. The intake to the fan is screened to exclude insects, and 
particular care has been taken to ensure that the control knobs and terminals 
are recessed into the front of the cabinet so as to protect them from damage in 
transit. 

Meters are provided to indicate (a) the generator output voltage, (b) the cur- 
rents drawn by the tubes in the circuit, and (c) the output current delivered to 
the earth electrodes. 

The output current obtainable with a very dry (1,000 ohm) earth is about 0.4 
amp, a figure which increases as the electrode resistance falls. Uutput voltages 


Fic. 2. Panel for oscillator unit showing control knobs and meter dials. 


may be as high as 400 volts, and care is therefore necessary in handling the elec- 
trodes after the power is connected. 

The overall dimensions of the oscillator unit are 29X15 X20 inches and the 
total weight 125 lbs. The exterior of the unit is illustrated in Figure 2. 

When moving the oscillator unit from one set-up to another, small variations 
in output current may be expected owing to variations in the resistance of indi- 
vidual earth electrodes. To enable field intensities taken with different set-ups to 
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be compared without calculation, it is necessary to keep the electrode currents 
at a pre-determined figure, irrespective of earth resistance. A small output level 
control has, therefore, been incorporated. This enables the operator to standardize 
the current delivered to the electrodes. 


PICK-UP UNIT 


A brief consideration of the field strengths obtainable at distances of several 
hundred yards from the earth electrode will show that it is necessary to measure 
strengths of less than 1 micro-gauss. Relating this field strength to the char- 
acteristics of pick-up coils of reasonable portability, it will be realised at once 
that alternating e.m.f.’s of the order of a few millivolts will have to be measured 
with stability and precision. It is therefore clearly necessary to employ thermionic 
amplification of the weak currents obtained from the pick-up coil to bring them 


AMPLIFIER 


FROM ATTENVATOR 


Fic. 3. Simplified circuit diagram of amplifier used with pick-up unit. 


to a level at which an ordinary robust measuring instrument can be employed. 
The use of thermionic amplification in this way is complicated by two factors: 
(1) The severe limitations on weight and size of the amplifier and its dry battery 
power supply, and (2) the necessity for a very high degree of stability of ampli- 
fication. 

In fact it may be said that the practicability of building a direct-reading 
prospecting instrument depends entirely upon the solution of this problem. It is 
clearly desirable that the dry batteries used should be very small, and that the 
amplifier should therefore be switched off between readings at each station. This 
imposes the additional requirement that the amplification must not drift when the 
amplifier is switched on. It would be intolerable for a busy geologist to wait two 
minutes at each station to take a reading while the pick-up unit is “settling 
down.” 

This problem was solved by the use of a specialized type of amplifier (Black, 
1934) employing negative feedback. A simplified circuit diagram of the amplifier 
is shown in Figure 3. It will be seen that it comprises three amplifying stages, 
the output of which is partially fed back in such a way as to oppose the input 
signal, with the results described. Following this amplifier, there is a single-tube 
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low-gain stage connected directly to a rectifier and to the indicating meter itself. 

In order to save size and weight, the pick-up coil is wound on a wooden frame 
forming the framework of the entire pick-up unit. The amplifier is placed within 
the frame, together with its battery, the indicating meter, and the attenuator. 
The attenuator (see Fig. 4) consists of a chain of resistances arranged to weak- 
en progressively the signal received from the pick-up coil. By means of a rotary 
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switch, the amplifier can be connected to any desired point on the chain. This has 
the effect of extending the range of the instrument to stronger signals when the 
pick-up unit is employed close to one of the earth electrodes. In its current form, 
the attenuator covers a range of 40 decibels corresponding to a field intensity 
range of 100 to 1. 

In order to permit the use of a very small dry battery, the filament circuits of 
the amplifier are connected through a mercury switch of special design, which is 
so arranged that the amplifier is only switched on when the entire pick-up unit 
is in its vertical working position. As soon as the instrument is laid on one side 
to be carried (Fig. 5), the mercury switch automatically switches off the ampli- 
fier and gives the battery a rest. 

Owing to the negative-feed-back principle employed, the instrument gives its 
final reading immediately upon being switched on. In exceptional circumstances, 
it may be required to measure inclined or vertical components of the alternating 
field. Since the mercury switch would normally prevent the apparatus being 
used when tilted out of the vertical plane, a hand-operated spring return switch 
is added which enables such measurements to be taken. 

Mention should be made of other minor factors, which facilitate the rapid 
use of the apparatus. Each pick-up unit is fitted, as shown in Figure 6, with a 
detachable wooden leg upon which the apparatus may be steadied while in use. 
A small spirit level is fitted inside the frame to ensure that the coil is in a strictly 
vertical plane when the readings are taken. Furthermore, a mirror mounted on 
the top of the coil enables the operator, while looking at the indicating meter, 
to “squint” readily along the top of the frame, and align it with the distant 
earth electrode, which is normally marked witha flag. Neglect of these precautions 
would produce, especially in rough country, an irregularity in observations. 


Fic. 4. Circuit diagram of coil and attennator used with pick-up unit. 
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Fic. 5. Pick-up unit on side for transportation between stations. 


The overall stability of the equipment is about 0.1 decibels over a period of 
one hour. The dimensions of the pick-up unit, less the “leg,” are 32 X 21 X3 inches, 
and the weight, including the battery, about 12 lbs. 

Operation of the pick-up is straightforward, the procedure being: 

(z) Set up the instrument and align it visually on the flag marking the earth 

electrode. 

(2) Turn the attenuator knob until a convenient deflection is obtained on the 

‘meter. 

(3) Read the decibels directly off the meter scale and add the attenuator 

reading. Note the result in the field work-book. 

(4) Move on to the next station. 

It will be appreciated that two or three pick-up units may be used simul- 
taneously by independent observers if it is desired to save time in surveying 4 
given area. 
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Fic. 6. Pick-up being set into place for reading. 


Despite the necessity for employing very light and small components in the 
construction of the pick-up unit, field experience has shown that they are reliable 
and that a battery life of many months may be obtained even when the equip- 
ment is being used every day. 

A number of sets of equipment has been constructed for operation on differ- 
ent frequencies, and work is still proceeding to ascertain which frequency or 
combination of frequencies gives results which are most easily interpreted. It 
has not been thought desirable to attempt to build multi-frequency equipment 
at the present time, and it is not proposed to introduce such a complication unless 
a clear case is found for doing so. To date this appears unlikely. 
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O. F. RITZMANN* 


ELECTRICAL PROSPECTING 


U.S. No. 2,684,468. C. D. McClure and R. L. Mills. Iss. 7/20/54. App. 8/21/50. Assign. Socony-Vac- 
uum Oil Co., Inc. 

Apparatus for Measuring a Periodically-Recurring Signal in the Presence of Random Noise. A 
system for improving signal-to-noise ratio for a periodically-recurring signal by recording the original 
signal, reproducing the signal with a fixed time delay, and combining the reproduced signal with the 
original signal in phase coincidence. 


U.S. No. 2,685,058. W. J. Yost. Iss. 7/27/54. App. 8/27/49. Assign. Socony-Vacuum Oil Co., Inc. 


Geophysical Exploration by Electric Pulses. An electrical prospecting system using two current 
electrodes energized with commutated rectangular pulses and two pick-up electrodes whose potential 
is momentarily measured at various phase positions after initiation of the current pulse. 


U.S. No. 2,690,537. O. Weiss and L. Massé. Iss. 9/28/54. App. 7/10/50. Assign. Weiss Geophysical 

Corp. 

Electrical Method and Apparatus for Geological Exploration. A method of electrical prospecting 
in which a-c of two frequencies is applied to the ground and the modulation-frequency signal explored 
by comparing its phase as picked up at pairs of electrodes along the profile, or observing variation in 
amplitude of the modulation component when a seismic pulse or a d-c current pulse is superimposed 
on the ground. 


MAGNETIC PROSPECTING 
U.S. No. 2,684,465. O. H. Schmitt. Iss. 7/20/54. App. 4/18/44. Assign. U.S. A. 


Detection System. A detecting system for a flux-valve magnetometer in which the series of alter- 
nating positive and negative pulses are converted into a signal proportional to the difference in their 
amplitudes by using balanced demodulators with separate cathode followers, filters, and phase in- 
verters having a common cathode resistor but with separate plate loads across both of which the out- 
put is taken. 


U.S. No. 2,687,507. E. O. Schonstedt. Iss. 8/24/54. App. 9/29/50. 


Method and Apparatus for Measuring the Earth’s Total Magnetic Field Vector. A self-oriented total- 
field airborne magnetometer which also records the orientation of the measuring element with respect 
to the vertical and with respect to the aircraft axis by means of potentiometers attached to the 
gimbals, 


U.S. No. 2,689,333. D. G. C. Hare. Iss. 9/14/54. App. 3/31/44. Assign. U.S. A. 


Magnetic Stabilization System. A stabilization system for a self-orienting airborne magnetometer 
in which the output of the orientation-detecting elements is converted to d-c which controls the am- 
plification of tubes supplied with a-c in quadrature and whose output drives two-phase orienting 
motors, 


* Gulf Oil Corporation, Patent Department, Pittsburgh, Pa. 
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SEISMIC PROSPECTING 
U.S. No. 2,683,414. R. L. Klotz, Jr. Iss. 7/13/54. App. 5/7/47. Assign. Seismograph Service Corp. 

Arrangement to Insure Complete Detonation of Explosive Charges. A seismograph charge made up 
of a column of separate explosive cartridges each of which has a cavity which forms an explosive jet 
and insures detonation of the adjacent cartridge. 


U.S. No. 2,683,867. J. O. Vann. Iss. 7/13/54. App. 6/11/51. 

Parachuted Radio Seismic Transducer. A vibrometer having an arm suspended on a horizontal 
torsion wire and carrying a powdered iron core adjacent to the tank coil of a radio transmitter fixed 
to the base so that relative vibration of the core and coil varies the frequency of the transmitted radio 
signal, 

U.S. No. 2,685,251. C. O. Davis, H. A. Lewis, and G. A. Noddin. Iss. 8/3/54. App. 12/17/47 and 

5/27/49. Assign. E. I. du Pont de Nemours & Co. 

Method of Blasting. A method of underwater blasting using a number of separate charges only 
one of which has an electric detonator and the others having pressure-sensitive detonators which are 
fired by the pressure wave from the first charge. 


U.S. No. 2,687,092. B. F. Duesing. Iss. 8/24/54. App. 2/26/51. 

Protective Device for Blasting Cartridges. A loading device for seismograph shot holes having a cup 
which surrounds the top of the charge with a number of vertical supports for a platform above the 
charge which protects the top of the charge and its primer. 


U.S. No. 2,687,093. H. W. Botts. Iss. 8/24/54. App. 9/23/49. Assign. Hercules Powder Co. 

Explosive Device. An explosive cartridge which can be screwed to similar cartridges to form an 
explosive column, the edge of the threads having a small angle so that tension in the column causes 
the threads to stick, which prevents unscrewing. 


U.S. No. 2,688,124. W. E. N. Doty and J. M. Crawford. Iss. 8/31/54. App. 2/27/53. Assign. Conti- 
nental Oil Co. 

Method of and Apparatus for Determining Travel Time of Signals. A seismic prospecting system 
in which the frequency of a continuous-wave source is slowly varied and the picked-up vibration is 
multiplied by a delayed counterpart of the transmitted vibration and the product integrated over a 
short period and recorded, the multiplication and integration being made for various time delays to 
determine the delay which yields the maximum integration value. 


RADIOACTIVITY PROSPECTING 


U.S. No. 2,686,266. R. W. Pringle, K. I. Roulston, and G. M. Brownell. Iss. 8/10/54. App. 11/10/49 
and 1/12/50. 
Improvement in Radiation Detectors. A radioactivity detector having a single conical scintillating 
crystal with reflecting shield which also prevents moisture deterioration and cemented to a photo- 
multiplier tube whose output is fed to a univibrator and rate meter. 


WELL LOGGING 


U.S. No. 2,682,800. G. H. Ennis and W. W. Ennis. Iss. 7/6/54. App. 8/25/51. Assign. Robert V. 
Funk. 


Photoelectric Water Locating Instrument. A water-locating device for wells in which a light-absorb- 
ing dye is automatically injected into the well fluid during the first traverse by the instrument and the 


fluid transparency measured photoelectrically during a second traverse. 
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U.S. No. 2,685,798. R. W. Goble. Iss. 8/10/54. App. 5/15/47. Assign. Eastman Oil Well Survey Co. 


Apparatus for Measvring and Indicating Various Conditions Such as Temperature and Pressure. 
A system for simultaneously recording temperature and pressure in a well over a single-conductor 
cable in which positive and negative pulses are generated whose respective repetition rates indicate 
the variable and the frequencies of the respective pulses are recorded at the surface. 


U.S. No. 2,686,268. P. W. Martin and R. W. Pringle. Iss. 8/10/54. App. 8/10/51. 


Well Logging Device. A radioactivity logging apparatus having a source of beamed neutrons and 
a scintillation counter with temperature control. 


U. S. No. 2,686,881. G. Herzog and A. S. McKay. Iss. 8/17/54. App. 3/23/51. Assign. The Texas 

Co. 

Measuring Absolute Radioactivity of Borehole Formations. A method of measuring absolute radio- 
activity of formations penetrated by a borehole by logging the hole with a counter-type meter, sepa- 
rately measuring the activity of the mud, casing, and cement, and subtracting these counts from the 
count observed in logging. 


U.S. No. 2,688,095. J. H. Andrews. Iss. 8/31/54. App. 6/3/53. 


X-Ray Camera for Underground Geological Exploration. An apparatus for making a picture of 
penetrating radiation from a borehole wall and having a directional filter, scintillation crystal, and 
photomultiplier which are rotated about the axis of the borehole, the output signal activating a glow 
tube whose light is focused on a synchronously-moving film. 


U.S. No. 2,688,115. A. B. Hildebrandt. Iss. 8/31/54. App. 10/8/52. Assign. Standard Oil Develop- 
ment Co. 


Open Sleeve Electrode Assembly for Well Logging. An electric logging electrode system having a 
flexible sleeve of insulating material with springs which press its top and bottom edges against the 
borehole wall and electrodes on the outer surface of the sleeve insulated from the mud inside the 


sleeve. 


U.S. No. 2,688,703. H. J. Di Giovanni, R. T. Graveson, and A. H. Yoli. Iss. 9/7/54. App. 5/26/52. 
Assign. U.S. A. 
Radioactive Logging Apparatus. Radioactivity logging apparatus using a crystal scintillometer 
whose pulses are transmitted to the surface, converted into rectangular pulses, and their rate indi- 
cated. 


U.S. No. 2,688,871. A. Lubinski. Iss. 9/14/54. App. 1/3/49. 


Instantaneous Bit Rate of Drilling Meters. A drilling rate recorder having a weight measuring ele- 
ment in the dead line which records the rate of change of weight on the bit. 


U.S. No. 2,688,872. R. E. Hartline and J. D. Eisler. Iss. 9/14/54. App. 6/8/49. Assign. Stanolind Oil 
and Gas Co. 

Apparatus for Fluid Entry Logging. A device for separately determining water and oil produced 
by a well having packers at the top and bottom of the producing interval connected by tubing with 
a port for releasing water through a magnetic-vane flowmeter which generates a-c in a circuit and also 
having electrodes outside the tubing with which the water-oil interface in the annular space may be 
detected. 


U.S. No. 2,689,144. L. V. Uhrig and J. N. Atkins, Jr. Iss. 9/14/54. App. 10/20/50. Assign. Standard 
Oil Development Co. 


Seal for Borehole Thermometer Piston Rods. A seal for a pressure-equalized recording-type mercury 
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thermometer in which thermal expansion of the mercury moves a rod through the seal to actuate the 

stylus of the recorder. 

U. S. No. 2,689,329. C. W. Zimmerman. Iss. 9/14/54. App. 10/12/50. Assign. Socony-Vacuum Oil 
Co., Inc. 


Dielectric Well Logging System. A dielectric logging sonde having pairs of insulated parallel rods 
forming a condenser whose electric field extends into the formation and connected to a coil to form 
a high-Q circuit connected to a phase discriminator network for measuring changes in resonance or Q 


of the circuit. 
U.S. No. 2,689,918. A. H. Youmans. Iss. 9/21/54. App. 4/26/52. Assign. Well Surveys, Inc. 


Static Atmosphere Ion Accelerator for Well Logging. A neutron source for well logging using a 
sealed tube containing deuterium at low pressure with electrons from a filament accelerated to ionize 
the deuterium and the deuterium ions accelerated to strike a zirconium target on which tritium has 


been adsorbed. 
U. S. No. 2,690,468. H. Faul and R. J. Smith. Iss. 9/28/54. App. 4/4/47. Assign. U.S. A. 


Drill Hole Logging Probe. A cable entry assembly for the top of a logging probe in which the cable 
passes through packing in a tapered packing chamber, the cable shield clamped by tapered dogs, and 


the conductor connected to an insulated thimble. 


MISCELLANEOUS 


U.S. No. 2,683,563. B. D. Lee and G. Herzog. Iss. 7/13/54. App. 5/14/49 and 7/8/50. Assign. The 
Texas Co. 


Method of Operating Potentiometric Models. A potentiometric model in which interfaces are simu- 
lated by an insulating barrier with conducting segments molded in or with a number of surface elec- 
trodes whose opposite members are connected by wires over the edge of the barrier so that the bar- 


rier is not necessarily an equipotential surface. 


U.S. No. 2,685,038. R. L. Hoss. Iss. 7/27/54. App. 5/8/51. 

Method of and Means for Measuring the Depth of Penetration of Bullets within Subsurface Forma- 
tions. A perforating gun which fires projectiles carrying a definite amount of radioactive material and 
having a radiation-intensity meter in the gun. 

U.S. No. 2,686,108. W. S. Hoffmeister. Iss. 8/10/54. App. 8/10/51. Assign. Standard Oil Develop- 
ment Co. 


Microfossil Prospecting for Petroleum. A process for locating ancient shore lines by taking samples 
from wells from formations having the same geologic time, digesting aliquot samples with hydro- 
‘ fluoric acid, and mounting the residue on microscope slides from which the microfossil population is 


determined. 
U.S. No. 2,686,425. H. W. Dietert. Iss. 8/17/54. App. 9/2/52. Assign. Harry W. Dietert Co. 


Permeameter. A gas-flow permeameter having a motor-driven fan which flows air in series through 
a fixed orifice and the poroi.s sample, the pressure drop across the sample being measured with a 


manometer. 
U.S. No. 2,689,943. F. Rieber. Iss. 9/21/54. App. 3/28/46. Assign. The Vibrotron Co., Ltd. 

Frequency Determining Unit. A frequency-measuring device in which the signal is passed through 
a tungsten wire in a transverse magnetic field and the tension of the wire adjusted for resonance, the 
wire being mounted to compensate temperature variations and forming part of a sharply-tuned bridge 


circuit. 
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SELECTED LIST OF U. S. PATENTS ISSUED DURING THE THIRD QUARTER OF 1954 


Patent No. Subject* Patent No. Subject* Patent No. Subject* 
2,682,766 12,140 2,684,810 148 2,686,676 224 
2,682,798 324 2,685,027 308 2,686, 706 324 
2,682,800 508 2,685,035 236 2,686,845 224 
2,683,038 224 2,685,038 304, 48 2,686,846 224 
2,683,111 324 2,685,041 12 2,686,847 484 
2,682,220 416 2,685,058" 132 2,686,858 324 
2,683,221 308 2,685, 201 148 2,686, 881* 304 
2,683,222 308 2,685,204 288 2,687,035 188 
2,683,224 148 2,685,206 16 2,687,036 168 
2,683,234 308 2,685,207 16 2,687,041 188 
2,683,239 324 2,685,251" 136 2,687,092 136 
2,683,314 444 2,685,492 224 2,687,093" 136 
2,683, 369 148 2,685 ,493 324 2,687,338 324, 368 
2,683,370 288 2,685,618 224 2,687,361 324 
2,683,371 200 2,685,649 196 2,687,457 148 
2,683,372 200 2,685,672 140, 228 2,687,474 68 
2,683,414* 136 2,685 , 680 232 2,687,478 308 
2,683, 563* 68 2,685,743 200 2,687,480 308 
2,683, 568 224 2,685,796 148 2,687,507" 232 
2,683,596 16 2,685,797 200 2,687,520 316 
2,683, 767 344 2,685,798" 460, 288, 452 2,687,521 316 
2,683,774 224 2,685,835 136 2,687,645 148 
2,683, 780 4 2,685 ,836 136 2,687,646 148 
2,683,786 48 2,685,837 136 2,687,647 16 
2,683,794 196 2,686,008 308 2,687,648 16 
2,683,811 236 2,686,039 428 2,687,850 68 
2,683,812 140 2,686,099 444 2,687,935 324, 344 
2,683,821 484 2,686, 100 224 2,688,053 224 
2,683,856 484 2,686, 108* 396 2,688,056 188 
2,683,859 316 2,686,229 224 2,688,087 236 
2,683,861 484 2,686,230 224 2,688,088 236 
2,683,867 360 2,686, 266 308 2,688,089 196 
2,683,984 496 2,686,268" 304 2,688,090 196 
2,683,986 148 2,686, 302 16 2,688 ,095* 280, 304 
2,683,989 288 2,686, 304 312 2,688,097 308 
2,684,030 48 2,686,425% 88, 276 2,688,098 308 
2,684,278 324 2,686,427 380 2,688,115 116 
2,684,464 140, 228 2,686,428 200 2,688, 124° 360, 76 
2,684,465 232 2,686,429 288 2,688,130 316, 16 
2,684, 468 124 2,686, 566 36, 524 2,688,132 316 
2,684,471 108 2,686,632 68 2,688,249 100 
2,684,474 324 2,686,633 68 2,688,250 148 
2,684,591 428 2,686,635 68 2,688,251 200 
2,684,592 188 2,686,636 68 2,688,253 288 
2,684,503 288 2,686 ,637 224 2,688,440 68 


* A key to the subject classification system will be found in GEOPHYSICS, v. XII, p. 256-264 (April, 


1947). 
* Abstracted on preceding pages of this issue. 
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2,688,442 
2,688,444 
2,688,567 
2,688 , 663 
2,688, 681 
2,688 , 
2,688,729 
2,688,740 
2,688,743 
2,688,744 
2,688 , 805 
2,686,866 
2,688,868 
2,688 , 869 
2,688,871 
2,688 , 872% 
2,688,874 
2,688, 896 
2,689,007 
2,689,042 
2,689, 144° 


Subject 


68 
216, 68 
224 
224 

68 
304 
324 

68 
316 
316 

16 
188 
412 
496 
100 
144 
148 
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2,689,274 
2,689,275 
2,689 , 307 
2,689 , 308 
2,689,309 
2,689, 329* 
2,689,332 
2,689, 333° 
2,689,345 
2,689,346 
2,689,347 
2,689,407 
2,689,479 
2,689, 480 
2,689,550 
2,689,738 
2,689 , 885 
2,689,918" 
2,689,940 
2,689,943" 
2,689,947 


Subject 


224 
484 
308 
308 
308 
128 
168 
232 
312 
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Physical Meteorology, by John C. Johnson; published jointly by the Technology Press of the Massa- 
chusetts Institute of Technology and John Wiley & Sons, Inc., New York, 1954, 393 pp- 


This book is designated by the author as “‘a study of those meteorological phenomena, not di- 
rectly concerned with the circulation of the atmosphere, which link meteorology with other branches 
of science.” 

While it is intended as a fairly advanced text in the physics of the atmosphere, the geophysicist 
will find valuable sections on refraction of light and microwave radiation by the atmosphere, visibil- 
ity, radiation transfer, radar meteorology, and atmospheric electricity. The discussion of cloud and 
precipitation processes and “rainmaking” should be of general interest. And, of course, for the sci- 
entist whose children and friends expect him to know all about all things natural, there are authorita- 
tive treatments of lightning, thunder, rainbows (single and multiple), halos, coronas, mirages, and 
all the other atmospheric phenomena that present themselves to the observing eye and inquiring 
mind. 

The section on atmospheric acoustics is unfortunately rather cursory but this deficiency is more 
than compensated for by the excellent bibliographies found at the end of each chapter. Rather than 
being mere guides to further reading for the beginning student, the references are expressly chosen 
to assist the research worker in bordering fields. 
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The reviewer has adopted this book as the text for his courses in physical meteorology. 
ARNOLD H. GLASER 


Department of Oceanography 
Texas A. & M. College 
College Station, Texas 


Petroleum Microbiology, by Ernest Beerstecher, Jr., Elsevier Press, Inc., New York, 1954, 352 pp.; 
$8.00. 

This book was written to interest bacteriologists in the very new and promising field of petro- 
leum microbiology. The author discusses the various facets of the petroleum industry in which mi- 
croorganisms play a conspicuous role. Some of these are: the role that microbiology plays in geologi- 
cal processes, such as in the biogeochemistry of calcium, silicon, iron, sulfur, nitrogen, phosphorus, 
and carbon; the role that microorganisms play in the synthesis of petroleum; the use of microorgan- 
isms in petroleum exploration; the activities of microorganisms in drilling muds, in petroliferous 
formations, and in corrosion; and the use of microorganisms as reagents in the manufacture of 
petroleum products. In each of these specific applications the author summarizes the existing litera- 
ture and presents an ample bibliography. 

The chapter on the use of microorganisms in petroleum exploration is the only part of the book 
that would interest geophysicists. In this chapter the author presents the two basic assumptions for 
the success of the microbiological prospecting method; namely, that gas emanations reach the sur- 
face from a reservoir at depth, and that microorganisms exist which give a distinctive observable re- 
sponse to these emanations. 

Geochemists have theorized that the passage of gaseous emanations through the surface should 
cause some chemical change to take place at or near the surface, but they have been unsuccessful thus 
far in showing that such changes generally exist. Gas seeps associated with shallow reservoirs are ob- 
servable and many geochemists feel no reluctance in assuming that there will be seepage no matter 
what the reservoir depth. They merely consider that the amount of seepage reaching the surface will 
be less for deeper reservoirs. Assuming this to be correct, if the emanations from deep reservoirs are 
to be observed, the method of detecting hydrocarbons must become more sensitive. At present physi- 
cal methods can detect hydrocarbons to a tenth of a part per million while present microbiological 
methods are limited to a range from 1 to ro parts per million. The author is optimistic about the po- 
tentialities of improving this lower limit of sensitivity of the microbiological methods and has sug- 
gested several ways in which such improvement may be accomplished. 

The greatest encouragement to the microbiological method has been Davis’s work on paraffin 
dirt. Davis has shown that paraffin dirt is the result of the utilization of hydrocarbons by microorgan- 
isms. The author considers this evidence proof of the second assumption upon which the microbio- 
logical method of exploration is based. He does not mention the possibility of using carbon 14 meas- 
urements on hydrocarbons taken from the soil to substantiate the first basic assumption. 

The bulk of the last chapter is concerned with a critical review of the patents that have been 


published on the use of microorganisms for petroleum exploration. 
PavuL WUENSCHEL 


“Study of Some Phenomena Foretelling the Occurrence of Destructive Earthquakes,” by Eiichi Nishi- 
mura, Disaster Prevention Research Institute, Bull. No. 6, October 1953, Kyoto University, Kyoto, 
Japan, 63 pp. 

This paper is a progress report on research which is directed toward discovering any phenomena 
that would foretell the occurrence of destructive earthquakes. 

Currently four separate approaches are under investigation. 

The first is a continuous recording of the tilt of the earth’s surface. Previously, repetitions of pre- 
cise leveling into an epicentral area after the occurrence of a destructive earthquake indicated that 
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there was definite upheaval and subsidence of the earth’s surface centered about the epicenter. To 
determine if the earth movement was discernible prior to an earthquake, several tiltmeter stations 
were established throughout Japan. Thus far some success has been obtained, for if the epicenter is 
within one hundred kilometers of a station, the tiltmeter can detect a minute tilting of the ground 
(less than 0.5 inch) that precedes the earthquake by a time interval ranging from several hours to 
several months. Some, but not all, of the tilting motions began bya tilt toward the epicenter prior 
to the earthquake followed by a tilt away from the epicenter after the earthquake. Even in the case 
of distant earthquakes a disturbance has been noted which appears on several tiltmeters simultane- 
ously and always has the same polarization. Thus far sufficient data are not available to discuss the 
mechanism of these disturbances. 

The second approach is based on a local (in the sense of scores of kilometers) change in the geo- 
magnetic declination that has been observed in one instance to precede a destructive earthquake by 
one month. The observation station was within forty kilometers of the epicenter. Additional stations 
have been established and the three components of intensity and the declination are to be recorded. 

The third approach is the detailed study of the structure of the earth’s crust under Japan by using 
weak aftershocks as an energy source. Thus far, the instruments for this work have been constructed 
but no measurements have been reported. The instrument is a vertical-component seismograph whose 
pendulum period is } second, galvanometer period is ? second, and overall magnification is approxi- 
mately 90,000. 

The fourth approach is based on a chance observation of a sudden increase of the radon content 
of the soil gas that occurred two and one half hours before a large earthquake. The epicenter was 150 
kilometers from the observation point. Geiger counters and electroscopes are being used for further 
measurements. No success has been reported in repeating this observation. 

In all four projects, the quantities measured are small and continuous observation is essential 
over long intervals of time. The ability to develop instrumentation that can give both sensitivity and 
stability has thus far been a limiting factor. The choice of station site is critical, for it has been neces- 
sary to install the instruments in subterranean rooms from one hundred to three hundred meters be- 
low the surface. 

PauL WUENSCHEL 


“Beitrige zur Fehlertheorie der Schwerereduktion von Nivellements (Contributions to the theory of 
errors for the gravity reduction of leveling),” by Karl Ramsayer. Sonderhefte der Zeitschrift fir 
Vermessungswesen, no. I, 31 pp. Stuttgart, Verlag Konrad Wittwer, 1954. 


This publication is being noted here for two reasons. One is to bring to attention the start of 
a new series of scientific publications, Sonderhefte der Zeitschrift fir V ermessungswesen, supplementary 
numbers of the periodical Zeitschrift fiir V ermessungswesen (Journal of Surveying), in which are to 
appear contributions which fall outside the limits of the journal either because of their length or their 
content. 

The second is to note the use and value of gravity data in a field which at first sight seems un- 
likely, that of precision leveling. The connection between gravity and leveling arises on the one 
hand from the fact that differences of potential can be found by integrating, with respect to height, 
the vertical component of gravity, while on the other hand the very definition of “level” is tied in 
with surfaces of equal potential. 

Since this subject is a rather special one, the article will be reviewed here only by giving a transla- 
tion of the abstract: 

“The errors of the gravity reduction for leveling, which arise from the gravity and elevation er- 
rors of the gravity stations and from the deviations of the true elevation and gravity profiles from 
the corresponding approximating chord polygons for the gravity stations, are investigated theo- 
retically and empirically for various station spacings.” 

Tuomas A. ELKINS 
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Bulletin of the Geological Survey of Great Britain, no. 6. London, Her Majesty’s Stationery Office, 1954. 
iv+56 pp., price 5s.6d. 
This paper-bound publication is devoted to gravity and magnetic interpretation and contains 
five articles: 
I. “A gravitational survey over a concealed portion of the Warburton Fault near Lymm, Chesh- 


ire,” by W. Bullerwell, pages 1-12. 
II. “A gravimeter survey over the Tilmanstone Fault, Kent Coalfield, by W. Bullerwell,” pages 


13-20, Plates I-IT. 
III. “A vertical force magnetic survey of the Coalisland District, Co. Tyrone, Northern Ireland,” 


by W. Bullerwell, pages 21-32. ? 
IV. “The least-squares method of determining regional contours,” by L. H. Tarrant, pages 


33-35. 
V. “A gravimeter survey of the Ston Easton—Harptree District, East Somerset,”’ by W. Buller- 


well, pages 36-56. 

Paper I describes a survey made with a small Stiss double-beam Eétvds torsion balance in Sep- 
tember, 1947. A qualitative interpretation is given. Paper II presents profiles made in April, 1949 
with a Frost-type gravimeter at an average station spacing of about 800 feet. A quantitative inter- 
pretation is given, based upon calculations for assumed graben-type structures. Paper IT describes a 
Watts vertical force variometer areal survey at 1500-foot spacing made in March, 1949. It is stated 
that a gravimeter survey would be a useful supplement. 

Paper IV explains a method of computing the regional by fitting a second-degree polynomial in 
two variables by least squares. A postscript states that the paper was prepared before the publication 
of the article by W. B. Agocs, “Least squares residual anomaly determination,” GEopuysics, v. XVI, 
pages 688-6096 (1951). 

Paper V presents an areal survey with 5 to 6 stations per square mile, started in July, 1949 and 
made with a Frost-type gravimeter. The method of paper IV was used to determine the regional here. 
In fact four different regionals based on four different selections of points were computed. Two selec- 
tions used nine points each, the other two twelve points each. That regional was selected which gave 
the least sum of squares of differences between observed and regional values at 63 points regularly 
spaced over the survey. This was one of the twelve-point regionals. This paper contains many remarks 


on the correction and interpretation of gravity data which will be of value to all gravity interpreters. 
Tuomas A, ELKins 


“Rock Magnetism and the Earth’s Magnetic Field during Paleozoic Time,” by John W. Graham, 
Journal of Geophysical Research, Vol. 59, No. 2, pages 215-222, June, 1954. 


This summary of three and a half years’ work on rock magnetism at the Department of Terrestrial 
Magnetism, Carnegie Institution of Washington, will be of great value to all those who are interested 
in the controversial question of possible major changes in the direction and intensity of the earth’s 
magnetic field. Publication of the full details is promised for the near future. 

Briefly stated, the author’s point is that measurements of the magnetic properties of samples 
from the northeastern United States lead one to the conclusion that the earth’s magnetic field pre- 
served essentially the present orientation and direction during most of Paleozoic time, except for 
possible local and rapid changes of short duration. He believes that sufficient data regarding the phe- 
nomenon of inverse polarization are now known that the burden of proof is on any proponent of re- 
versals in the direction of the earth’s magnetic field. 

The paper is easy and interesting reading because it is the manuscript presented orally at an in- 
formal conference at the Institute of Geophysics, University of California. This reviewer believes that 
its publication is a worthwhile innovation. More such examples in the geophysical literature would 


be welcome. 
Tuomas A. ELKINS 
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“Biochemical Investigations in Finland,” by Vladi Marmo, Economic Geology, Vol. 48, No. 3, May, 

1953, pages 211-224. 

The author evaluates a geochemical and biochemical technique as an aid to mineral exploration 
for copper, nickel, zinc, and molybdenum in Finland. Three areas of sulfide mineralization were 
studied. In the first area, correlations of the following kinds were obtained: between a low pH of well 
waters and sulfide mineralization near the wells; between copper and zinc mineralization in the bed 
rock and the copper and zinc concentration in the ground water saturating the bed rock; and, finally, 
between the copper and zinc concentration in the ash of leaves of certain plants common to the area 
and the copper and zinc concentration in the ground water. In the second area, a different species of 
plant was sampled, but the same correlations were observed. In the third area, molybdenum and 
copper mineralization occurring as disseminations in a granite granodiorite below three to seven 
meters of bog were detected by the analysis of the ash from leaves and twigs of a plant that was com- 
mon to the prospect area. 

The author adds a word of caution when applying these techniques, The leaf analysis method 
is too sensitive at times. Relatively high metal concentrations are found in some plants over ground 
that is very weakly mineralized, and further, the relationship between the metal content of the plant 
and the metal content of the ground in which it grew is not linear. Some plants reach a saturation 
concentration for a particular metal even when this metal has a relatively low concentration in the 
ground water. 

The author considers these techniques ideal as an aid in the interpretation of geophysical anoma- 
lies by indicating whether metals of value are responsible for the anomaly, or whether the anomaly is 


due to non-economic concentrations of pyrrhotite or graphite. 
PavuL WUENSCHEL 


“Studio Geoelettrico dell’Idrologia Sotterranea del Friuli Orientale, Parte 1*—La zona tra Pieris e 
Monfalcone,” by Ferruccio Mosetti; Tecnica Italiana; Revista d’Ingegneria e Scienze, Trieste, 
April-May, 1954. 

The author reports on an investigation for the location of water-bearing areas in the region of 
Montefalcone, in the Isonzo Valley, some twenty miles northwest of Trieste. The work consisted of 
electrical resistivity measurements using techniques both of horizontal profiling and vertical sound- 
ings. In this area, two sorts of alluvial sediments are present : impervious conductive clays, and porous 
sands and gravels which are more resistive than the clays. The problem of differentiating both forma- 
tions is amenable to electrical prospecting. The author comments on the field results and supports 


them by laboratory tests. This is a compact and interesting article, five pages in length. 
E. G. LEONARDON 


“Su Alcune Ricerche Geoelettriche di Zone Mineralizzate,” by Ferrucio Mosetti, L’Industria Mine- 
raria, December, 1953. 


The author shows how a mineral mass or fracture or ore body may be located by resistivity meas- 
urements, provided that the electrical resistivity of the encasing rocks be decidedly and sufficiently 
different from that of the mass under consideration. This is illustrated by resistivity profiles carried 
out first on a bauxite deposit; second, on different mineralized occurrences (conductive sulphides). 


The article, which is clear and makes good reading, is three pages long. 
E. G. LEONARDON 


“Gravity Measurements Along the Lines of Precise Levels throughout Japan, by means of Worden 
Gravimeter,” by Chuji Tsuboi, Akira Jitsukawa and Hirokazu Tajima, Proceedings of the Japan 
Academy. 

“Gravity Surveys Along the Lines of Precise Levels throughout Japan by means of a Worden 
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Gravimeter,” by Chuji Tsuboi, and others, Bulletin of the Earthquake Research Institute, Toykyo 

University, Supplementary Vol. IV, Part I, Aug., 1953, and Part II, March, 1954. 

Of these two series of papers, the first are in the nature of preliminary reports, the second of final 
reports on regional gravity: surveys in Japan. 

The Proceedings papers are as follows: 


Part I: Vol. 29 (1953), No. 6, pp. 235-238, Shikoku Island; 276 gravity stations. 

Part II: Vol. 29 (1953), No. 7, pp. 311-315, Chugoku District (west end Honshu Island); 420 
stations. 

Part III: Vol. 29 (1953), No. 7, pp. 316-320, Kinto District (southwestern Honshu Island); 480 
stations. 

Part IV: Vol. 29 (1953), No. 9, pp. 503-508, Tohoku District (northwestern Honshu Island) ; 667 
stations. 

Part V: Vol. 29 (1953), No. 10, pp. 550-555, Chubu District (west central Honshu) ; 748 stations. 

Part VI: Vol. 29 (1953), No. 10, pp. 556-560, Cantu District (central Honshu Island); 366 sta- 
tions. 


The measurements were made with a Worden gravimeter and all are along lines of precise levels. 
The station interval along the lines is around 3 km and the spacing between lines is mostly between 
20 and 50 km. The surveys have given regional coverage of most of the main island of Japan (Hon- 
shu) and of Shikoku. 

Each of the six Parts contains two small-scale (one page) maps, one showing the lines of precise 
levels and district boundaries and the other showing the gravity station locations along the level lines 
and Bouguer anomaly contours at 5 mg interval. There are brief discussions of the principal anomalies 
shown and their relation to major geologic features. 

The Earthquake Institute publication contains three reports: 

Part 1. Shikoku District, Vol. IV, Part I, Aug. 1953 (pp. 1-44). 

Part 2. Chugoku District, Vol. IV, Part II, Mar. 1954) (pp. 48-115). 

Part 3. Supplement to Shikoku report, Vol. IV, Part IT, Mar. 1954 (pp. 117-123). 

For each of these parts there is a map at scale 1/500,000 of Bouguer anomalies. For parts 2 and 3, 
the maps are colored with contours in red over positive areas and blue over negative areas and values 
are shown at each station. 

The Earthquake Research Institute publications contain a history of the project, detailed dis- 
cussion of the instrument, the methods of measurement and reduction of results, and extensive tables 
of data from the measurements. There are some discussions of the relations of gravity anomalies to 
the regional geology and to centers of earthquake activity. The program anticipates very careful 
determination of gravity differences between especially selected stations with the idea of repeating 
these gravity measurements over periods of many years to detect any time variations in gravity that 
may accompany earthquake activity. 

The reports, in their present form, give useful information on regional gravity in the several sec- 
tions of Japan which are covered. Presumably at some later time, these sections wil] be assembled on 
a smaller scale map to show relations between the segments now reported. 

L. L. NETTLETON 
Gravity Meter 
Exploration Company, 
Houston, Texas 
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MEMORIAL 


WESLEY HUBERT SEIFERT 


Wesley Hubert Seifert died suddenly in his home on the morning of February 
23, 1954. He lived at 437 N. W. 46th Street in Oklahoma City, Oklahoma. His 
sudden passing was indeed a great shock to his family and many friends. 

Wesley was born in Stroud, Oklahoma, on March 9, 1900, where he was 
reared and graduated from high school. He attended Oklahoma University, where 
he graduated in 1923, receiving a degree of Bachelor of Science in Electrical 
Engineering. 

After graduation from college Wesley was employed by Oklahoma Gas and 
Electric Company of Oklahoma City as Valuation and Cost Estimating Engi- 
neer. In 1931 he was advanced to Chief Electrician and Assistant Chief Engineer 
at the Huey Power Station, which position he held until June, 1933. In July, 1933 
he was employed by Geophysical Research Corporation on a seismograph crew. 
In May of 1937 Wesley started to work for Magnolia Petroleum Company as 
Assistant Interpreter on a seismograph crew. He was promoted to Seismograph 
Party Chief in 1943, and to Supervisor in 1948, which position he held at the 
time of his death. 
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It was always amazing to many of us that Wesley started in a new profession 
at the age of 33 after spending 1o years in the utility business, and in which he 
had a very successful career. Due to the depression of the late 20’s and early 30’s 
he lost his position with the Oklahoma Gas and Electric Company. It was at 
this time that he went into geophysics in competition with much younger men 
who were just out of college. Due to his ability and application, he succeeded in 
the new profession and rose to the position of Supervisor of Seismic Exploration 
with a wide experience in field operations and interpretations. 

Wesley was a very devout member of the Christian Science Church. He was 
a student of human psychology and would go to great lengths in an effort to 
help a young man, both technically and in his human relations; Wesley loved his 
home and spent a great deal of time with his flowers and garden. He liked sports 
of all kinds, but his main hobbies were hunting and fishing. He also loved to 
play golf, bowl, and tinker with “gadget fixing.” 

Wesley is survived by his wife, Bertha V. Seifert; his mother, Mrs. Rebecca 
Seifert, Midland, Texas; a sister, Mrs. W. R. Gayley of Cushing, Oklahoma; 
and three brothers, Lee H. Seifert of Wichita, Kansas; J. L. Seifert of Perry, 
Oklahoma; and Ray E. Seifert of Midland, Texas. 

Everyone with whom Wesley associated enjoyed his humor, enthusiasm, and 
good will. Few men pass our way who have left more pleasant memories. 

E. NAsH 
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CONTRIBUTORS 


Guy rr. BELLAIRS was educated at Dulwich College 
and London University, where he graduated in 1937. 

He was engaged on carrier telephony at the Research 
Station of the British Post Office when war broke out. From 
1939 to 1946 he served with the Royal Signals, mainly as a 
communications engineer in military guise. 

Civilian life in post-war England proved frustrating, 
but the timely sale of various patent rights helped him to 
escape to South Africa in 1947. He is now a director of an 
electrical engineering business, and devotes most of his 
time to developing new ways of applying electronics to the 
mining field. He is a member of the Institution of Electrical 
Engineers. 


Guy FF. BELLAIRS 


David BUDENSTEIN, after graduating with distinction 
from Girard College, Philadelphia, Pa., continued his edu- 
cation at The Pennsylvania State University. He received 
his Bachelor of Science degree in the field of geophysics in 
June, 1952 and -his Master of Science degree in the same 
field in February, 1954. While an undergraduate, he was 
elected to Sigma Gamma Epsilon, mineral industries hon- 


orary of The Pennsylvania State University, 

At the present time Budenstein is serving with the 
United States Army as a physicist at the White Sands Prov- 
ing Grounds, New Mexico. Formerly, he was a member of 
the aeromagnetic branch of the U. S. Geological Survey in 
Washington, D. C. 


BuUDENSTEIN 


D. B. Ericson received the B.S. Degree in geology 
from the Massachusetts Institute of Technology in 1931, 
and the M.S. in geology and paleontology from the Cali- 
fornia Institute of Technology in 1933. From 1934 to 1938 
he worked as field geologist for various petroleum com- 
panies in California and Texas. In 1938 he went to Turkey 
for two years to prospect for petroleum in Asia Minor for 
the Petrol Grubu of the Maden Tetkik ve Arama Enstitusu 
of the Turkish Government. From 1943 to 1945 he was 
assistant state geologist with the Florida Geological Sur- 
vey. In 1945 he took up research in recent marine sediments 
at the Woods Hole Oceanographic Institution, and in 1947 
he took part in the first Mid-Atlantic Ridge expedition of 
the Ailantis under the direction of Maurice Ewing. Since 
then he has been research associate in marine geology at the 
Lamont Geological Observatory of Columbia University. 

He is a member of the American Geophysical Union 

D. B. Ericson and the Society of the Sigma Xi. 
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CONTRIBUTORS 


Mavrice Ewinc received the B.A. degree 
with Honors in mathematics and physics in 1926, the M.A. 
in 1927, and the Ph.D. in 1931, all from The Rice Institute. 
He was Hohenthal Scholar from 1923 to 1926 and Fellow in 
Physics at The Rice Institute from 1926 to 1929. During the 
school year 1929-1930 he was Instructor in Physics at the 
University of Pittsburgh, and served in the same position 
at Lehigh University from 1930 through 1936, at which 
time he became Assistant Professor of Physics and served 
in that position until 1940. He was a Guggenheim Fellow in 
the seismic investigation of oceans basins from 1938 to 1940, 
when he returned to Lehigh University where he held the 
position of Associate Professor of Geology until 1944. From 
1944 to 1947 he was Associate Professor of Geology at 
Columbia University. Since 1940 Dr. Ewing has been a Re- 
search Associate at Woods Hole Oceanographic Institute. 
Since 1947 he has been Professor of Geology at Columbia 
University, and since 1949 Director of Lamont Geological 
Observatory. Dr. Ewing has been a member of the panel of the Research & Development Board, 
and since 1950 has been Associate in Geophysics at Woods Hole Oceanographic Institution. 

Dr. Ewing received an honorary Sc.D. at Washington & Lee University in 1949. During the 
same year he became Arthur L. Day Medalist of the Geological Society of America and was Joseph 
Henry Lecturer. In 1951 he was Westbrook Lecturer, and was Distinguished Lecturer of the AAPG 
in 1947 and 1953. Also in 1953 he was Distinguished Lecturer for SEG. 

Dr. Ewing’s scientific discoveries include seismic reflection and refraction in ocean basins, ocean 
bottom photography, the Bathythermograph, SOFAR sound transmission, and deep-sea coring. He 
is a member of American Physical Society, American Mathematical Society, Geological Society of 
America, Seismological Society of America, American Geophysical Union, New York Academy of 
Sciences, American Association for the Advancement of Science, American Geographical Society, 
Bermuda Biological Association, Phi Beta Kappa, the Society of the Sigma Xi, National Academy of 
Sciences, Society of Exploration Geophysicists, National Geographic Society, American Association 
of Petroleum Geologists, and American Academy of Arts and Sciences. 


Mavrice EwInc 


Bruce C. HEEZEN, a native of Iowa, received his B.A. 
in geology from The State University of Iowa in 1948. Be- 
tween 1948 and 1951 he was Roberts Fellow at Columbia 
University, studying geology and conducting research in 
submarine geology and submarine geophysics. In the 
spring of 1952 he completed requirements for the M.A. 
and in the spring of 1954 passed the Ph.D. examinations 
in geology at Columbia University. Since the summer of 
1947 he has been active in marine research, first at the 
Woods Hole Oceanographic Institution and later at Colum- 
bia University. From its beginning in 1949 he has been on 
the staff of the Lamont Geological Observatory, first as 
research assistant and later as research associate. A member 
of over a dozen deep sea expeditions, he has been chief 
scientist of six expeditions in the north and south Atlantic. 
He has written on the results of deep sea exploration and on 
Bruce C. HEEzEN related problems of topography and sedimentation. 
: Professional affiliations include the Society of Explora- 
tion Geophysicists, American Geophysical Union, American Association of Petroleum Geologists, 
American Association for the Advancement of Science, and the Society of the Sigma Xi. 
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CONTRIBUTORS 


Hatnes C. Hussar received a B.S. Degree in Engi- 
neering Physics from the University of Tulsa in 1949. 

Mr. Hibbard was with the Shell Oil Company just 
prior to World War II. He spent the war years as an Air 
Force Radar Officer. Since 1946 he has been employed as a 
research engineer by The Carter Oil Company at their Tulsa 
laboratory. 

Mr. Hibbard is an associate member of IRE and a 
member of the Geophysical Society of Tulsa. 


BenJAMIN F. HowELt, Jr., was born in Princeton, 
N. J. in 1917. He prepared for college at the Lawrenceville 
School, graduating in 1935. He attended Princeton Uni- 
versity where he received his A.B. degree in 1939 with a ma- 


jor in geology. While a student he worked during summers 

for four years on the Geological Survey of Newfoundland, 

and from 1939 to 1942 he attended the California Institute 

of Technology, with a major in geophysics, getting his Mas- 

ter of Science degree in 1942. For the following two years he 

worked as a research engineer in the University of Cali- 

fornia, Division of War Research Laboratory, at San Diego, 

California. In 1945 he joined the research laboratory staff of 

United Geophysical Company in Pasadena, where he 

worked on instrumentation problems. In 1947 he returned 

part time to the California Institute of Technology, while 

he continued to work for United, receiving his Ph.D. degree 

in 1949. Since 1949 he has been in charge of the geophysics BENJAMIN F. HowELt, JR. 
program at the Pennsylvania State University, where he is 

currently Professor of Geophysics and Head of the Department of Geophysics and Geochemistry. 
He is a member of the Society of Exploration Geophysicists, the Seismological Society of America, 
the American Geophysical Union, the Geological Society of America, the Pennsylvania Academy of 
Science, and the Society of Sigma Xi. He is Secretary of the Eastern Section of the Seismological 
Society of America. He is Chairman of the Committee on Fundamental Geophysical Research on the 
National Science Foundation. 
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CONTRIBUTORS 


FRANKLYN K, Levin received a B.S. degree from 
Purdue University in 1943 and a Ph.D. degree in physics in 
1949 from the University of Wisconsin. 

During World War II, Dr. Levin worked on the Man- 
hattan Project at the S. A. M. Laboratories. Since 1949, he 
has been employed as a research physicist by The Carter 
Oil Company at their laboratory in Tulsa. During 1953- 
1954, he was on leave of absence as assistant director 
of the Hudson Laboratories of Columbia University. 

Dr. Levin is a member of the American Physical Society 
and Society of the Sigma Xi. 


Katuro MAEDA was graduated from the Faculty of 
Science, University of Kyoto in 1941, and filled a post in 
the Central Aeronautical Research Institute of Japan, 
studying aeronautics there until 1945. Since 1946 he has 
been a research engineer on the staff of the Railway Tech- 


nical Research Institute, Japanese National Railways, 
working in the field of applied mathematics. His theoretical 
research in geophysics began in 1948, and has included work 
on simplification of Slichter and Pekeris’ method of inter- 
pretation of apparent resistivity curves obtained by electri- 
cal drilling using orthogonal and normal functions, mathe- 
matical interpretation of apparent resistivity curves in the 
case of electrical trenching, and the dipping-bed problem. 
On the basis of these studies he received a Doctor of Engi- 
neering degree from Kyoto University in 1952. 
Dr. Maeda has been a member of the Society of Ex- 
Katuro MAEDA ploration Geophysicists of Japan since 1950, and since 1952 
has served on its Committee. 
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RosBeErt B. RIceE 


CONTRIBUTORS 


Rosert B. Rice received the B.A. degree in mathe- 
matics and physics from the College of Wooster, Wooster, 
Ohio, in 1941. He joined Phillips Petroleum Company in 
the summer of 1941 as a reservoir engineer in the Produc- 
tion Department. From 1941 to 1945 he taught and did 
graduate work in the Department of Mathematics, Ohio 
State University. In 1945 he returned to Phillips as a process 
and design engineer in the Gasoline Department. Since 
1946 he has worked in the Geophysical Section of the Re- 
search Division, in which he is now a group leader. 

Mr. Rice is a member of the American Mathematical 
Society, the Mathematical Association of America, the 
American Institute of Physics, the Geophysical] Society of 
Tulsa, the Society of Exploration Geophysicists, and the 
European Association of Exploration Geophysicists. 


Emmet D. Riccs attended Arlington State College, the 
University of Texas, and Southern Methodist University 
and received a B.A. degree in physics from Texas and an 
M.S. degree in electrical engineering from S.M.U. 

He was employed by The Atlantic Refining Company 
on various geophysical field parties during summer vaca- 
tions beginning in 1934. He served five years as an officer in 
the Signal Corps (1940-1945) and at the conclusion of the 
war returned to Atlantic as a seismic observer. This was 
followed by a transfer in 1946 to the Geophysical Labora- 
tory of the company at Dallas as an electrical engineer. 

He is a member of the Society of Exploration Geo- 
physicists, the American Geophysical Union, and the Dallas 
Geophysical Society, and is an associate of the Acoustical 
Society of America. He is also registered as a professional 
engineer by the Texas State Board of Registration for engi- 
neers. 


(July, 1948). 


Emmet D. Riccs 


Biographies and photographs of other authors of papers in this issue have appeared in recent 
issues of GEOPHysIcs as follows: KENNETH L. COOK and C. HEWITT DIX, v. XIX, p. 844 (October, 
1954); ROBERT G. VAN NOSTRAND, v. XIX, p. 848 (October, 1954); and J. L. WORZEL, v. XIII, p. 490 
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EIGHTH ANNUAL MIDWESTERN MEETING 


Hore. DALLAS, TEXAS 
NOVEMBER 18-19, 1954 


TECHICAL SESSIONS 


Welcoming Address 
C. G. Daum, Hunt Oil Company, Dallas, Texas 
Presidential Remarks 
Paut L. Lyons, Anchor Petroleum Company, Tulsa, Oklahoma 


Geophysics in an Expanding Economy 
James Boyp, Kennecott Copper Company, New York, N. Y. 


Notes on the Geograph 
W. W. Newton, Delhi Oil Corporation, Dallas, Texas 


A New Seismic Technique 
Burton McCotium, McCollum Exploration Company, Houston, Texas 


A technique comprising utilization of seismic energy from a large weight dropping at closely 
spaced intervals, correcting the time of reflected events for stepout and elevation, and integrating the 
corrected individual seismogram to give a composite seismogram that attenuates the horizontal and 
low angle event and accentuating the time corrected reflected event. 


Specific Combinations of Multiple Charges with Multiple Detectors Improve Attenuation of Disturbances 
J. O. Parr, Jr., and W. H. Mayne, Petty Geophysical Engineering Co., San Antonio, Texas 


Multiple units (either charges or detectors) with a gradation of the effectiveness attenuate a 
continuous band of disturbing wavelengths better than multiple units with uniform effectiveness. 
Good attenuation can be obtained from combinations of multiple charges with multiple detectors 
which have (1) concurrent, (2) complementary, or (3) overlapping attenuation bands. These are ob- 
tained by (a) use of a different arrangement or number of the charges from that of the detectors, 
(b) a specific gradation of the effectiveness of the units, or (c) spacing of the charges with a definite 
ratio to the spacing of the detectors for the particular pattern used. 


Seismogram Synthesis from Velocity Data 

R. A. Peterson, United Geophysical Corporation, Pasadena, California 

The availability of continuous velocity data provides a closer insight into the seismic reflection 
process in layered rocks. Methods are described for the synthesis of seismograms from these data, and 
illustrations are given of field results. 


The Reynolds Plotter 
Vininc T. Reynoxps, Geophysicist, Houston, Texas, and PauL FARREN, National Geophysical 
Company, Houston, Texas 
A system of seismic trace analysis is presented which mechanically identifies, times, corrects, 
computes, and plots in cross section form every event on a seismic record. Normal moveout, weather- 
ing corrections, elevation corrections, and velocity depth functions are applied to each trace indi- 
vidually as all traces are scanned and reproduced simultaneously by a mechanical process. 
Benefits of the system might be listed from two viewpoints. First, as a plotter, the system pro- 
duces cross sections plotted with speed, thoroughness and accuracy. Second, as an interpretational 
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tool, the system by the speed and convenience in correlation of the seismic sections, expands the out- 
put of the interpreter; by flexibility in handling the mass of data available, it facilitates special 
projects such as velocity and isopach studies; and by thoroughness of presentation of all events, 
especially segmental reflections, it permits a more valid interpretation. 


A General Low Frequency Electrical Earth Model 
WituuM C, PritcHett, The Atlantic Refining Co., Dallas, Texas 


A general earth model is described which simulates the earth when excited by currents either 
conductively coupled to the earth by electrodes or inductively coupled to the earth by loops. Con- 
sideration of model equations showed that a material with a resistivity of approximately 10~* ohm- 
meters was desired for use in the model. Although suitable materials with this resistivity were not 
known, it was found that fine bronze wheel grindings held together by wax did have the required 
macroscopic resistivity. Using this model, surface measurements revealed only minor anomalies re- 
sulting from a simulated salt dome three-quarters of a mile in diameter, one-half mile below the 
surface. 

Discussion: ROBERT VAN NostRAND, Magnolia Petroleum Company, Dallas, Texas 


Magnetic Exploration by MoMag* 

W. T. GriswoLp, United Geophysical Corporation, Pasadena, California 

The introduction of the automatic recording total intensity mobile magnetometer has greatly 
increased the rate at which certain types of magnetic surveying may be carried out. This unit, 
known as The MoMag, is mounted on a heavy duty 4-wheel drive vehicle and is suitable for opera- 
tion under a wide range of field conditions. However, greatest efficiency is obtained in operations 
along roads. Under suitable conditions, surveys can be made at speeds as high as 40 miles per hour 
and the cost per survey mile is lower than any other magnetic surveying method. 

MoMag surveys have been particularly valuable in locating and outlining mineralization associated 
with magnetite deposits. Due to the frequent occurrence of magnetite as an associate mineral 
in high temperature fissure veins and contact replacement deposits, ore minerals of such metals as 
copper, lead, zinc, tungsten, and molybdenum may be found. The unit is also valuable for delineating 
fault zones, basement highs and lows, intrusive sedimentary contacts, sub outcrops of basic dikes or 
bedded volcanics, buried volcanic flows, regional dips and strikes and hydrothermal alternation 
zones. 

* Trademark, United Geophysical Corporation. 

The Use of the Magnetic Method in Searching for Stratigraphic Traps 

Joun D. Haseman, Linton, Indiana 

A procedure is described by which very accurate corrections can be made for the local effects 
of regional maximum and minimum vertical magnetic intensities, thereby permitting a closer cor- 
relation between magnetic anomalies and geologic structure. 

It is postulated that variations in the circulation of earth currents resulting from geochemical 
differences associated with dry and oil bearing horizons produces a measurable change in the magnetic 
vertical intensity which can be used in prospecting. 

Some examples are presented which indicate that under certain conditions the value of vertical 
magnetic intensity might vary at a particular point, but the pattern of magnetic intensity remains the 
same, 

Discussion: Wrtt1AM M. Barret, William M. Barret, Inc., Shreveport, La. 


A Personnel Training and Development Program for Geophysicists 
H. R. Prescott, Continental Oil Co., Houston, Texas 
Geophysics is a young profession created by people attracted from numerous allied fields in 
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engineering, geology, physics and mathematics. The development of these people into mature geo- 
physicists has largely been an informal process. There appear to be some advantages in a more 
formal approach to personnel training and development in the industry in order to supply future 
needs. 

Discussion: Cectt H. GREEN, Geophysical Service Inc., Dallas, Texas 


Cars, Trucks, and Doodlebuggers 
R. Fitzpatrick, Transportation Consultant, Houston, Texas 


A discussion of the highway hazards encountered in geophysical operations, and of the problem 
of preventive maintenance. The value of driver selection and training is strongly emphasized. 


Safe Handling and Use of Explosives in Seismic Operations 
LinpLEy LatHum and Norman G. Jounson, E. I. duPont de Nemours and Co., Wilmington, 
Delaware 


Explosives can be used safely if fundamental regulatory precautions are established, explained, 
and enforced. A discussion of suggested safe practices and comments on hazards in the use of ex- 
plosives on conventional, pattern, offshore, and experimental operations. Safe storage, transporta- 
tion, and handling of explosives and shot point and shot boat procedures will be described. 


Atmospheric Electricity and Geophysical Operations 
GLENN W. ForpHaM, The Atlantic Refining Co., Dallas, Texas 


Lightning has caused occasional loss of life directly by a strike and indirectly by a premature 
detonation of dynamite. Corona currents resulting from high potential gradients in the atmosphere 
have been measured using a point collector, in the hope that a simple device giving some degree of 
prior warning of imminent flash can be developed. Continuous recordings have been taken of corona 
currents during thunder, snow, and rain storms. 


Hazards of Static in the Use of Electric Blasting Caps in Seismic Operations 
G. M. Kuntz, H. F. Browne, and P. M. HANAHEN, U. S. Bureau of Mines 
A demonstration and discussion of the hazards of static electricity in the course of seismic opera- 
tions. Precautionary measures are demonstrated. 
Geology of Uranium on the Colorado Plateau 
Hopart Stockine, U. S. Atomic Energy Commission, Grand Junction, Colorado 
The U. S. Geological Survey’s Development of Instruments and Techniques for Measuring Radio- 
activity in the Field 
FRANK STEAD, U. S. Geological Survey, Denver, Colorado 


The principal emphasis of the U. S. Geological Survey’s investigations in the field of radioactivity 
has been placed on the development of instruments and techniques and rapid field measurement of 
radioactivity. Some current activities include the development of portable radiation-detection equip- 
ment, gamma ray logging of exploratory drill holes, original-state core studies, and air-borne radio- 
activity surveying. Significant progress has been made in instrumentation and techniques; however, 
considerable research must be done to place field measurements of radioactivity on a quantitative 
basis, 


Exploration and Production at the Mi Vida Mine 
CHARLIE STEEN, Utex Exploration Company, Moab, Utah 
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Problems in Detection of Seismic Signals 
Hat J. Jones, Texas Instruments Incorporated, Dallas, Texas 


The problem of detection and extraction of signals in noise backgrounds has received consider- 
able study in modern communications theory and information theory. Emphasis has been upon 
statistical treatment in an attempt to take advantage of randomness of background noise. This 
paper presents a discussion of several criteria which have been applied in the design of recording sys- 
tems to enhance signal discrimination. Specific equipment for some optimized linear filters is de- 
scribed. Possible applicability of these criteria to seismic reflection recording problems is discussed. 
The nature of typical seismic signals and background noise is outlined as a means of specifying 
criteria which can be applied to the problem of designing an optimum detection filter for seismic re- 
flection signals. The possible use of non-linear decision-making filters in seismic recording systems 
is discussed both from the standpoint of theory and of suitable equipment. 


Trends in Seismic Amplifier Development 

A. E. Trxtey, California Research Corporation, La Habra, California 

The petroleum industry is rapidly integrating reproducible recording techniques into its routine 
operations. In general, the quest is for better data from areas of poor records and from operations 
under severe environmental conditions. Whether these operations be with conventional instrumenta- 
tion or with magnetic recording, we find that more attention is being devoted to the seismic amplifier 
characteristics. Instrument performance characteristics, such as dynamic range, nonlinear distortion, 
noise, and reliability are being specified and related to the problem. Performance criteria can be 
established to help guide instrument development and thereby insure that these needs of industry are 
met. 

The present state of the art makes possible amplifier sensitivity of better than one microvolt 
with noise below one-tenth of a microvolt. Pre-filter nonlinear distortion should be as low as one-tenth 
of one per cent under many normal operational conditions. 

Through cooperative effort among seismic instrument manufacturers, contractors, and clients, 
we can obtain better geophysical data through instrument improvement. 


Some Recent Transistor Developments—The Silicon Transistor 
G. K. Treat, Texas Instruments Incorporated, Dallas, Texas 


In this discussion of transistor electronics a description will be given of some recent developments 
in materials, techniques, and designs that have contributed to the availability of a variety of trans- 
istors and diodes. These devices are well suited to the solution of many problems of circuitry and in- 
strumentation. Of particular interest are new silicon devices which are produced only by Texas In- 
struments. Silicon transistors have been made by a process sufficiently reproducible that production 
units have been available for some time. These transistors show superior characteristics with respect 
to high temperature operation and to power handling capabilities. The possibilities of applying 
transistors to geophysical equipment will be briefly discussed. 


Seismic Recorder for Monitoring Magnetic Tape 
GerorcE B. Lorer, Magnolia Petroleum Co., Dallas, Texas 


A seismic recorder utilizing Polaroid “picture-in-a-minute” film is used during recording of 
seismic data on magnetic tape. Signals from 12 magnetic recording heads are applied through ap- 
propriate networks to conventional galvanometers in the monitor camera. The optical system is 
arranged to make a miniature seismogram of conventional appearance which is produced on the 
standard 3X4 inch Polaroid print. The record is a satisfactory guide for the operator to evaluate the 
quality of the record on the magnetic tape without the need for playing it back. 
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Simultaneous Gamma Ray and Resistivity Logging as Applied to Uranium Exploration 
R. A. Bropine and Ben F. RuMMERFIELD, Century Geophysical Corporation, Tulsa, Okla. 


The transferring of petroleum exploration thinking and methods to uranium exploration has 
greatly facilitated the search for radioactive ores. The application of radioactive and resistivity log- 
ging to locate mineralized zones in shallow core holes obviates the need and expense of taking con- 
tinuous cores. Instrumentation, field equipment, and techniques are discussed. 


Field Measurements of Reflection and Surface Wave Amplitudes 
E. D. Riccs, The Atlantic Refining Company, Dallas, Texas 


A series of field measurements of reflection and surface wave amplitudes has been made from rou- 
tine seismic shots in various areas. The effect of variation of charge size on both events is illustrated. 


Refraction Seismograph Techniques in South Florida 
Atex E. BLomertu, Gulf Oil Corporation, Ft. Myers, Florida 


This paper deals with the operational techniques of a refraction seismograph party in South 
Florida using two recording units. A brief discussion is made concerning the general geology and 
topography of the area. Procedures and problems of the recording, surveying and permitting, drill- 
ing, transportation, and communications are presented. A short dissertation is made concerning 
velocities and interpretation. 


A Study of Gravity Response within Ceriain Gravity Provinces of Texas, Louisiana, and Mississippi 
CiarkK MAyHEw, Union Producing Co., Shreveport, Louisiana 


The efficiency of an oil and gas exploration program often can be improved by the use of gravity 
surveys. The amount of improvement varies with areas and because of its empirical nature is difficult 
to determine. However, the importance of knowing the probable value of gravity coverage in a given 
area justifies even an approximate analysis of the situation. 

From the region of Texas, Louisiana, and Mississippi, we have outlined six areas aniiateiie 
Bouguer gravity anomaly prospects of similar character, designating these as “gravity provinces.” 
For each such province, there is described a statistical analysis of gravity response over known oil 
and gas fields. A probability ratio computed for each province shows the relative value of gravity 
work as a reconnaissance method. | 


Making Use of Seismic Record Morgues 
H. B. Peacock, Geophysical Consultant, Dallas, Texas 


The original cost of seismic records in storage vaults is estimated and an attempt is made to 
place a present-day evaluation on them. The extent to which old records are being used and the 
methods applied are discussed. Some factors limiting the usefulness of these records are pointed out 
and suggestions are made for correcting the deficiencies. The effect of magnetic tape recording on 
the storage problem is mentioned. Mention is also made of the recently organized “Record Bank” 
for the purpose of trading seismic records on an exchange basis. 


Exploration History of the Block 12 Area, Andrews County, Texas 
J. H. Deine and L. O. Darey, Jr., The Atlantic Refining Co., Dallas, Texas 


The authors review the general history of the Block 12 area, Andrews County, Texas, from 
the first geologic interest in the area in 1920 to the present time. Successive torsion balance, gravi- 
metric, and seismic mapping are presented and discussed. Subsurface geologic mapping and a geologic 
cross-section based upon well control are also presented with a summary of the generalized stratig- 
raphy. 
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The authors call attention to a seeming correlation between progressive changes in reflection 
character and truncation of geologic markers. 


The Geophysical History of the Elkhorn Field, Crockett County, Texas 
J. E. Fuvtey, Continental Oil Co., Midland, Texas 


This paper reviews the refraction and reflection geophysical surveys employed in the exploration 
and development of the Elkhorn Field. Map interpretations and cross-sections are presented and 
discussed. The results and limitations of both the reflection and refraction work are pointed out and 
actually compared to subsurface conditions. 


Case History of the Elk City Field 

R. F. Curisty, Shell Oil Company, Tulsa, Oklahoma 

The Elk City Field is in TroN, Rs. 20, 21, 22 W., Beckham County, Oklahoma. The history of 
the geophysical exploration leading to the discovery is presented. 

The Shell Oil Company entered the area in 1945 after seismic work had been done by several 
other companies. A dry hole, the deepest well in Oklahoma at that time, had been drilled on the struc- 
ture in 1940. The presentation of data includes seismic records, profiles, and maps on two horizons 
as well as an up-to-date subsurface map. 


Case History of the Smallwood Pool, Stafford County, Kansas 
B. W. Breese and A. L. Battov, Jr., Manhart, Millison and Beebe, Tulsa, Okla. 


The Smallwood pool was discovered in August, 1951, as a result of a seismic survey conducted 
in a manner in which the geological and geophysical data were completely coordinated throughout 
the extent of the survey. This discovery is unusual in that prior to 1951 numerous operators con- 
ducted seismic surveys which apparently overlooked the pool in an area of excellent seismic reflection 
data that are very accurate if proper interpretation techniques are applied. 

The scope of this paper is to outline the seismic and geologic problems and to discuss the tech- 
niques used in exploring and evaluating the Smallwood and other similar areas where structural relief 
is very low and a high degree of seismic accuracy is required. 


The Devonian Problem 
Joun Daty, Consulting Geologist and Geophysicist, Midland, Texas 


A generation of geophysicists has been weaned on the continuous profiling method which, for 
the purpose of mapping the Devonian formation, is not completely salutary, since this formation is 
severely faulted and reflections from it are not consistently continuous. There is a tendency to force 
continuity where none exists. The principles for mapping the Devonian formation, enunciated herein, 
can be applied equally well to the mapping of any faulted strata. 

The first step is the identification of the reflection, which is achieved by means of velocity 
surveys and allowance must be made for the lag in time of the reflected event. 

The second step is to discern when a fault is crossed and the third is to recognize the same event 
after this has occurred. Good records facilitate accomplishing the second and reflection character is 
a requisite for solving the third problem. . 


The Geology of the Cambrian Trend of West Central Texas 
Frank B. ConsEtman, Consulting Geologist, Abilene, Texas 


The outstanding recent exploratory activity in West Central Texas has been the search for 
Cambrian oil, particularly in Coke and Nolan Counties. The Cambrian Trend consists of a series of 
fields now extending from White Flat on the north to Bronte on the south, aligned along the trun- 
cated crest of a narrow ridge on the upthrown western side of the Fort Chadbourne fault trend. The 
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Fort Chadbourne fault system includes local deeply depressed graben areas, extending parallel to or 
southwestward from the main high-angle fault. The greater part of the movement was early Pennsyl- 
vanian, and probably related to the Ouachita orogeny, with subsequent movements during Strawn 
and Canyon time possibly continuing into post-Permian time. 

The principal Cambrian oil-producing formation is the Wilberns, including both sandy and 
limy facies. All known Cambrian oil appears to have been derived from younger sources, particularly 
the Pennsylvanian. 

The magnitude of the faulting involved in the Cambrian trend presents an interesting geo- 

‘ physical challenge in recognizing seismic, gravitational, and magnetic anomalies associated with this 
structure. Extension of the trend to the north and south, or the discovery of similar fault systems 
paralleling the present trend, should provide an incentive for continued exploration in the area. 


EUROPEAN ASSOCIATION OF EXPLORATION GEOPHYSICISTS 
SEVENTH MEETING 
HaaGscHE DIERENTUIN, THE HAGUE, NETHERLANDS 
DECEMBER 8-10, 1954 
TECHNICAL SESSIONS 
Gravity Variations in Surveys across Geological Boundaries. 
G. C. Cottey 
“Schweydar” Formulae for the Topographic Reduction of Gravity. 
K. June 
Discussions on Safety. 
Détermination des salinités des eaux a grandes profondeurs dans le sous-sol du Zuiderzee par pros pection 


géophysique. 
A. VotKER & E. O. Houtsma 


Resistivity Curves for a Conductive Layer of Finite Thickness embedded in an otherwise Homogeneous 
and less Conductive Earth. 


O. KoEFoED 
Etude théorique de la vitesse des ondes de compression dans les vases. 
Y. D’ERCEVILLE 
Theoretical Considerations Concerning a Selection of Frequencies Caused by the Reflection of Seismic 
Pulses. 
J. BaumGaARTE, H. MENZEL, AND O. ROSENBACH 
Eine tragbare geophysikalische Werkstatt. 
I. Lucic 
The Behaviour of the Large Dykes from a Geophysical Point of View. 
P. Cator 
A Low-Frequency Refraction Geophone. 
W. M. Jones & A. T. DENNISON 
Mesure du bruit et sismos multiples: étude expérimentale dans les landes. 
R. Ricoarp & M. 
Travel-Time Curves of Normal Rays in Reflexion Seismics. 
W. BraucH 
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Gravity Map of Europe. 
J. W. DE Bruyn 
Relative Determination of the Density of Surface Rocks and the Mean Density of the Earth from Vertical 
Gravity Measurements. 
W. DomzatskI 
Gravity Surveying in the East Carmarthenshire Anthracite Coalfield. 
J. T. Wetton, J. O. Meyers and I. J. Watson 
Some Applications of Modern Well Logging Methods to Limestone Formations. 
J. L. Maturev & C. Rosorr 
Depth Determination by means of Gravimetrical Sounding. 
F. Sumi 
Le complétement de lV’ exploration du soulévement de Ferrara aved la méthode du gradient vertical. 
C. MONNET 
Theoretical Contem plations on the Reflexion of Seismic Waves in Siegerland Siderite Veins. 
A. STEIN 
Protractor for Quick Construction of Refracted Rays. 
J. ScHorFFLer & E. DiEMER 
Reflexion Survey in Rough Topography. 
A. M. SELEM 
Recent Research on Palaemagnetism and some Possible Applications to Geological Problems. 
S. K. Runcorn 
Abaques “‘Verticaux” pour le calcul et Vinterprétation des anomalies magnétiques: exemples d’applica- 
tion. 
V. BARANOV 
Remarks on the Establishment of a European Map of the Z-Anomalies. 
H. Cross 
Statistical Methods in Geophysical Prospecting. 
M. MATSCHINSKI 


GEOPHYSICAL CONFERENCE IN SOUTH AFRICA 


A successful conference on geophysical subjects was held at the University of the Witwatersrand, 
Johannesburg, from July 19 to July 22, under the auspices of the Bernard Price Institute of Geo- 
physical Research. The field covered: recent determinations of the ages of rocks and their geological 
implications (8 papers), geodesy (4 papers), crustal structure of the earth including seismological 
and gravity investigations (11 papers), geomagnetism (4 papers), the mechanical properties of rocks 
including the phenomena of rock bursts (5 papers), the earth’s heat and its origins (5 papers), the 
interior of the earth (4 papers) and geophysical prospecting (4 papers). Between 50 and 100 
scientists and interested persons from South Africa attended and showed interest in all the aspects 
of geophysics mentioned. Visitors whose presence contributed materially to the success of the con- 
ference were Dr. Francis Birch of Harvard University, Dr. Robert Stoneley of the University of Cam- 
bridge, and Dr. C. J. Jaeger of the Australian National University, Canberra. Other visitors came 
from the neighbouring British protectorates and the Belgian Congo. Papers were received in addition 
from M. A. Tuve and H. E. Tatel of the Department of Terrestrial Magnetism, Washington, from 
Professor L. Cahen of the Musee Royal du Congo Belge, Tervuren, and from the National Meteoro- 
logical Service of Portugal. The papers will be published by the authors independently in various 
scientific journals. 
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COMMITTEES 
EXECUTIVE COMMITTEE, EIGHTEEN MONTHS ENDING IN OCTOBER, 1955 
President: Paut L. Lyons, Anchor Petroleum Co., Tulsa, Oklahoma 
Vice-President: Roy F. BENNETT, Sohio Petroleum Co., Oklahoma City, Oklahoma 
Secretary-Treasurer: HucH M. THRALLS, Seismograph Service Corp., Tulsa, Oklahoma 
Editor: Mitton B. Dosrin, Magnolia Petroleum Co., Dallas, Texas 
Past President: Roy L. Lay, The Texas Company, New York, N. Y. 


STANDING COMMITTEE ON NOMINATIONS 


Chairman: Pau L. Lyons, Anchor Petroleum Co., Tulsa, Oklahoma 
Roy L. Lay Curtis H. JOHNSON 


STANDING COMMITTEE ON PROGRAM AND ARRANGEMENTS 
(New York Meeting) 


Chairman: Roy F. Bennett, Sohio Petroleum Co., Oklahoma City, Oklahoma 


Program Chairman, New York Meeting: Ratru B. Ross, Canadian Gulf Oil Co., 
Calgary, Alberta, Canada 


Arrangements Chairman: Harvey Casu, The Texas Company, New York, N. Y. 


B. B. BurroucHs D. W. RATLIFF Mitton C. Born 
Rosert B. Baum A. B. BRYAN R. M. NuGEnt 
Don B. WINFREY W. T. Born G. A. Berc 

O. C. CirFForD, JR. NorMAN RICKER Otis B. HocKER 
Ceci, H. GREEN Hat R. ApDams Joun F. ANDERSON 
R. W. DuDLEY Fit H. AGEE FRANK PREss 


W. W. Harpy W. D. Cortricat Harorp O. SEIGEL 
M. M. Stornick N. Van DER SLEEN Joun P. Woops 
Dart WANTLAND B. BAars Bart PRATT 

0. H. ARMSTRONG B. H. Treysie, Jr. 


STANDING COMMITTEE ON EDUCATION 


Chairman: J. B. MACELWANE, S.J., Saint Louis University, St. Louis, Missouri 
D. C, SKEELS Joun C. 


M. Kinc HusBert Perry BYERLY SHERWIN F. KEtty 
Beno GUTENBERG H. W. Srratey III 


STANDING CoMMITTEE ON STUDENT MEMBERSHIP 
Chairman: Frep J. Acnicu, Geophysical Service Inc., Dallas, Texas 
(Others to be appointed) 
STANDING COMMITTEE ON DISTINGUISHED LECTURES 
Chairman: Cart Savirt (’55), Western Geophysical Corp., Los Angeles, California 
PETER DEHLINGER (’55) Francis F. CAMPBELL (’56) Joun Fercuson (’56) 
STANDING COMMITTEE ON RADIO FACILITIES 


Chairman: R. D. Wycxorr, Gulf Research & Development Co., Pittsburgh, Pa. 
Vice-Chairman: W. M. Rust, Jz., Humble Oil & Refining Co., Houston, Texas 


Bart W. SorcE C. B. Bazzont DANIEL SILVERMAN 
E. M. SHoox V. Ropert RICHARD BREWER 


191 


4 
al 
/ 
4 
- i 
: 
thee? 


SOCIETY ROUND TABLE 


STANDING COMMITTEE ON MEMBERSHIP 


Chairman: Bart W. SorcE, United Geophysical Co., Pasadena, California 
T. O. Haty Francis F, CAMPBELL 


STANDING COMMITTEE ON Honors AND AWARDS 


Chairman: L. L. NettLteToN, Gravity Meter Exploration Co., Houston, Texas (’55) 


ANDREW GILMOUR (’56) S1GMUND HAMMER (’58) 
GrEorGE E. WAGONER (’57) Curtis H. Jonnson (’59) 


STANDING COMMITTEE ON PUBLICATIONS 
Chairman: Joun P. Woops, The Atlantic Refining Co., Dallas, Texas 


L. L. NETTLETON Ceci H. GREEN - 
M. Kinc SicmMuND HAMMER 


STANDING COMMITTEE ON REVIEWS 


Chairman: N. C. STEENLAND, Gravity Meter Exploration Co., Houston, Texas 
Paut C. WUENSCHEL F. A. VAN MELLE R. A. GEYER 
M. M. SLotnick E. G. LEONARDON T. A. ELxins 
W. T. Born 


STANDING COMMITTEE ON PUBLICITY 
Chairman: BEN F, RUMMERFIELD, Century Geophysical Corp., Tulsa, Okla. 


H. C. Bicket H. G. McC Leary W. R. O’Brien 

L. J. LARGUIER GrorcE D. Gipson A. A. HunzIcKER 
JULIAN ASHBY P, E. NARVARTE L. W. CoBENA 
Joun A. LESTER Joun C. McCastin Dovuctas W. ALLAN 


Sam J. ALLEN RicHArD S. NOBLE KENNETH R. ETTER 


STANDING COMMITTEE ON PuBLIC RELATIONS 
Chairman: R. C. DuntapP, Jr., Geophysical Service Inc., Dallas, Texas 


Epwarp G. ScHEMPF A. E. McKay C. G. Daum 

P. E. L. RICKETTS Date E. TURNER 
Rosert Dyxk EuGENE W. FROWE L. D. Dawson, Jr. 
STANLEY W. Witcox Van A. Petty, Jr. Lewis RILEY 


C. INGALLS 


STANDING CoMMITTEE ON GEOPHYSICAL ACTIVITY 
Chairman: Sicmunp Hammer, Gulf Research & Development Co., Pittsburgh, Pa. 


KENNETH L. Cook C. C, Lister 
HeErBert Hoover, Jr. WALTER S. OLSON A. Garcia Rojas 
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STANDING COMMITTEE ON SAFETY 


Chairman: Joun F. Imtx, Geophysical Service Inc., Dallas, Texas 
R. A. WEISBRICH WALTER E. JASPER Bart W. SorGcE 
W. H. Hawkes W. H. Newton Joun W. GREEN 
E. L. Jounson FRANK SEARCY G. M. Kintz 


SPECIAL GLOssARY COMMITTEE 
(AGI Giossary SUBCOMMITTEE) 


Chairman: Ricuarp A. Geyer, Humble Oil & Refining Co., Houston, Texas 


GLENN J. BAKER F. Hate LEE Park 
Joun G. BEarpD C. H. HichtowEr Frank A. ROBERTS 
C. Hewitt Dix Joun C, HOLisTER FRED ROMBERG 

R. L. KissLiIncer 


SpecraL CoMMITTEE ON STUDENT Essay CONTEST 
Chairman: Frep J. AGNicH, Geophysical Service Inc., Dallas, Texas 


Joun C, M.M.S H. M. 
J. T. Witson 


J. B. MACELWANE 


SPECIAL COMMITTEE ON GEOPHYSICAL CasE Histories VOLUME II 
Chairman: D. P. Cartton, Humble Oil and Refining Company, Houston, Texas 
Editor: Pau L. Lyons, Anchor Petroleum Co., Tulsa, Oklahoma 
R. A. PETERSON FRANK GOLDSTONE P. M. KONKEL 
NorMaN J. CHRIsTIE Joun H. Witson Steran Von Croy 
Mitton B. Dosrin Joun W. Daty E. 
T. I. Harkins SiGMUND HAMMER J. Brian Esy 
MarvIN ROMBERG W. H. Fenwick E. S. SHERAR 
W. W. Newton C. H. DresBacu L. L. NETTLETON 
O. C. CiirForD R. M. BRADLEY EvuGENE W. FROWE 
DEAN WALLING W. L. Maryasic H. C. McCarver 
R. F. BEERS A. B. BRYAN Roy L. Lay}{ 


SPECIAL COMMITTEE ON CONSTITUTION AND BYLAWS 
Chairman: W. M. Rust, Jr., Humble Oil & Refining Co., Houston, Texas 
Henry C, Cortes ANDREW GILMOUR J. J. Jakosxy 
H. GREEN SicMuND HAMMER L. L. NETTLETON 
SpEecIAL COMMITTEE ON CODE OF ETHICS 


Chairman: James A. Brooks, Jr., Humble Oil & Refining Co., Houston, Texas 
H. GREEN GrorGE E. WAGONER 


SPECIAL COMMITTEE ON STANDARDIZATION OF MAGNETIC RECORDING OF SEISMIC SIGNALS 
Chairman: R. R. THompson, Humble Oil & Refining Co., Houston, Texas 


K. M. LAWRENCE K. R. BEEMAN 
J. E. Hawkins J. E. WHITE 


Subcommittee on Definitions and Measurement 
Chairman: Wu. E. N. Dory, Continental Oil Co., Ponca City, Okla. 


RocEer HarLan C. Moopy 
L. B. McManis FRANK COKER 
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ADVISORY COMMITTEE ON RADIOACTIVE MINERAL EXPLORATION 
(Joint committee of AAPG, SEPM, and SEG) 


F. H. Lawes (’55), Chm., Sun Oil Company, Box 2880, Dallas, Texas 
Henry C. Cortes* (’56), Vice-Chm., Magnolia Petroleum Company, Box goo, Dallas, Texas 


1955 1956 1957 
Joun G. BARTRAM GERHARD HERzoc* Roanp F. 
Ceci H. GREEN* RoBErt R. RIEKE Jean C. FINLEY 
Morton T. Hiccs WILFRED B. TAPPER Haroip N. Fisk 
J. HaRLAN JOHNSON GERALD F°. WEsTByY* RonaLp E. McADAMs 
H. E. Stomme.* 


DIRECTORS OF THE AMERICAN GEOLOGICAL INSTITUTE 


Curtis H. Jounson (Nov., 1956) Sicmunp Hammer (Nov., 1955) 


REPRESENTATIVE ON DIVISION OF EARTH SCIENCES 
NATIONAL RESEARCH COUNCIL 


C. B. Bazzoni (June, 1955) 


REPRESENTATIVE ON COUNCIL OF 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


ROLanp F. BEErs, Beers and Heroy, Troy, N. Y. 
* SEG Members. 


LOCAL SECTIONS 
GEOPHYSICAL SOCIETY OF TULSA 


(CHARTERED FEBRUARY 2, 1948) 
President: L. Y. Faust, Amerada Petroleum Corp., Box 2040, Tulsa 2, Okla. 
1st Vice-President: FRANK SEARCY, Continental Oil Co., Drawer 1267, Ponca City, Okla. 
2nd Vice-President: BEN F. RUMMERFIELD, Century Geophysical Corp., Box 6216, Tulsa 17, Okla. 
Secretary: T. S. GREEN, Sunray Oil Corp., Box 2039, Tulsa 3, Okla. 
Treasurer: FIELDING L. MitcHELL, The Carter Oil Co., Box 801, Tulsa 2, Okla. 
Editor: CHartes W. OxiPHant, Oliphant Laboratories, Inc., 1905 National Bank of Tulsa Bldg., 
Tulsa 3, Okla. 
District Representatives: 
A. B. Bryan (’55), The Carter Oil Co., Box 801, Tulsa 2, Okla. 
W. T. Born (’56), Geophysical Research Corp., Box 2040, Tulsa 2, Okla. 
Norman RICKER (’57), The Carter Oil Co., Box 801, Tulsa 2, Okla. 
Meetings: Monthly, 2nd Thursday, 7:00 P.M., meeting only, University of Tulsa, Room 224, Petro- 
leum Science Hall. 


SOCIETY OF EXPLORATION GEOPHYSICISTS HOUSTON SECTION 


(CHARTERED FEBRUARY 14, 1948) 
President: T. O. Hatt, General Geophysical Co., 2514 Gulf Bldg., Houston 2, Texas 
1st Vice-President: FRED E. ROMBERG, Geophysical Service Inc., 839 Esperson Bldg., Houston 2, 
Texas 
2nd Vice-President: A. A. HunzicKer, Seismic Explorations, Inc., 1007 S. Shepherd, Houston, Texas 
Secretary: H. W. McDonnoxp, Keystone Exploration Co., 2813 Westheimer, Houston, Texas 
Treasurer: W. B. Ler, Gulf Research & Development Co., Drawer 2100, Houston, Texas 
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District Representatives: 
O. B. Hocker, The Texas Co., Box 2332, Houstoa 1, Texas 
G. A. Berc, Berg Geophysical Co., 2122 Welch, Houston, Texas 
Joun F. Anperson, Anderson & Cooke, 500 San Jacinto Bldg., Houston, Texas 
Meetings: Monthly, 1st Monday, Noon luncheon ($1.50), Rice Hotel. 


PACIFIC COAST SECTION 


(CHARTERED APRIL 12, 1948) 


President: Joun W. MAtuEws, Richfield Oil Co., Box 147, Bakersfield, Calif. 
Vice-President Northern District: RICHARD W. SHOEMAKER, Ohio Oil Co., Box 193, Bakersfield, Calif. 
Vice-President Southern District: ELtswortu M. Cunry, Shell Oil Co., 1008 W. 6th St., Los Angeles 
17, Calif. 
Secretary-Treasurer: L. I. Brockway, Western Gulf Oil Co., Box 1392, Bakersfield, Calif. 
District Representatives: 
Fit H. AGEE, United Geophysical Corp., 2227 S. 4th Ave., Arcadia, Calif. 
Ws. D. Cortricut, Tide Water Associated Oil Co., 2202 Terrace Way, Bakersfield, Calif. 
Mitton C. Born, Amerada Petroleum Corp., 552 Subway Terminal Bldg., Los Angeles, Calif. 
Meetings: Monthly, 2nd Thursday, Noon luncheon ($2.00), Biltmore Hotel, Los Angeles. 


DALLAS GEOPHYSICAL SOCIETY 


(CHARTERED AUGUST 7, 1948) 


President: R. C. Duntap, JR., Geophysical Service Inc., 5900 Lemmon Ave., Dallas 9, Texas 
1st Vice-President: MARTIN C. Ketsey, Rayflex Exploration Co., 6923 Snider Plaza, Dallas, Texas 
2nd Vice-President: Tom Prickett, The Atlantic Refining Co., Box 2819, Dallas 1, Texas 
Secretary-Treasurer: JOHN T. GEER, Magnolia Petroleum Co., Box goo, Dallas 1, Texas 
District Representatives: 

O. C. CirrForD, Jr., The Atlantic Refining Co., Box 2819, Dallas 1, Texas 

Crcit H. Green, Geophysical Service Inc., 5900 Lemmon Ave., Dallas 9, Texas 

J. P. Woops, The Atlantic Refining Co., Box 2819, Dallas 1, Texas 
Meetings: Monthly, generally but not invariably 2nd Monday (contact any member). 8:00 P.M. 
Fondren Science Bldg., S.M.U. 


FORT WORTH GEOPHYSICAL SOCIETY 


(CHARTERED AuGUST 7, 1948) 
President: E. J. GemMuitt, Cities Service Oil Co., 1111 Ft. Worth National Bank Bldg., Fort Worth, 
Texas 
Vice-President: H, E. Proxesn, Continental Oil Co., 1710 Fair Bldg., Fort Worth, Texas 
Secretary-Treasurer: JAMES DIvELBISS, The Chicago Corp., 2111 Continental Life Bldg., Fort Worth, 
Texas 
District Representative: R. W. DuptEy, Kerr-Dudley & Co., 1623 Oil & Gas Bldg., Fort Worth, Texas 
Alternate District Representative: FRANK O. Mort Lock, Gulf Oil Corp., Box 1290, Fort Worth, Texas 
Meetings: Monthly, 4th Monday, Noon luncheon ($1.50), Texas Hotel. 


ARK-LA-TEX GEOPHYSICAL SOCIETY 


(CHARTERED MARCH 12, 1949) 
President: J. RYAN WaLKER, Arkansas Fuel Oil Corp., Box 1117, Shreveport, La. 
Vice-President: GLENN J. BAkER, Wm. M. Barret, Inc., 1431 Dalzell, Shreveport, La. 


Secretary-Treasurer: Bruce Fox, The Atlantic Refining Co., 922 Texas Eastern Bldg., Shreveport, 
La. 
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District Representatives: 

B. B. Burroucus, Sunray Oil Corp., Ricou-Brewster Bldg., Shreveport, La. 

Rosert B. Baum, Seismograph Service Corp., 607 Shelby Bldg., Shreveport, La. 
Meetings: Monthly, last Monday, Noon luncheon ($1.50), Caddo Hotel, Shreveport. 

PERMIAN BASIN GEOPHYSICAL SOCIETY 
(CHARTERED JANUARY 30, 1950) 

President: J. E. Frntey, Continental Oil Co., Box 431, Midland, Texas 
1st Vice-President: J. S. Puta, Honolulu Oil Corp., Drawer 1391, Midland, Texas 
2nd Vice-President: R. M. Pinson, Union Oil Co., 619 West Texas, Midland, Texas 
Secretary: Brtty C. Jounson, Forest Oil Corp., Box 2066, Midland, Texas 
Treasurer: N. R. Parx, Standard Oil Co. of Texas, McClintic Bldg., Midland, Texas 
District Representative: Pau C. REEp, Forest Oil Corp., Box 2066, Midland, Texas 
Meetings: Monthly, 2nd Tuesday, 7:30 P.M., free coffee and doughnuts, Cowden Jr. High School 

cafeteria. 

DENVER GEOPHYSICAL SOCIETY 
(CHARTERED May 19, 1950) 


President: C. K. SHEPHERD, Continental Oil Co., Continental Oil Bldg., Denver, Colorado 

Vice-President: E. B. Wasson, The California Co., Box 780, Denver, Colorado 

Secretary-Treasurer: J. R. REEVES, Aurora Gasoline Co., 227 U. S. National Bank Bldg., Denver, 
Colorado 

District Representative: DART WANTLAND, 727 Pearl St., Denver, Colorado 

Meetings: Monthly, rst Monday, 5:30 P.M., meeting only, Petroleum Club, 1644 Glenarm Place. 


CANADIAN SOCIETY OF EXPLORATION GEOPHYSICISTS 
(CHARTERED JANUARY 24, 1952) 


President: W. P. Octtvie, Accurate Geophysical Ltd., 1023 11th Ave. West, Calgary, Alberta 

Vice-President: W. Bat.te, Frontier Geophysical Ltd., 1504 14th St. West, Calgary, Alberta 

Secretary-Treasurer: H. Cox, Western Geophysical Co. of Canada, Ltd., 828 4th Ave. West, Calgary, 
Alberta 

District Representative: H. M. Houcuton, The Geophysical Prospecting Co. Canada Ltd., 411 6th 
Ave. West, Calgary, Alberta 

Meetings: (Data not received) 


GEOPHYSICAL SOCIETY OF OKLAHOMA CITY 
(CHARTERED SEPTEMBER 30, 1952) 


President: FRANK A. RoBErts, The Carter Oil Co., 1411 Classen Blvd., Oklahoma City, Okla. 

1st Vice-President: ARNOLD BLEYBERG, Consultant, 2416 Barclay Rd., Oklahoma City, Okla. 

2nd Vice-President: J. EUGENE STONES, The Superior Oil Co., 2211 Liberty Bank Bldg., OkJahoma 
City, Okla. 

Secretary: JoHN COCHRANE, Inland Seismograph Co., 508 NE 26th St., Oklahoma City, Okla. 

Treasurer: CHARLES E. BEcK, Stanolind Oil & Gas Co., Box 1654, Oklahoma City, Okla. 

District Representative: D. W. Ratutrr, Stanolind Oil & Gas Co., Box 1654, Oklahoma City, Okla. 

Alternate District Representative: R. D. Roperts, Sohio Petroleum Co., Box 3656, Oklahoma City, 
Okla. 

Meetings: Monthly, 2nd or 3rd Monday, 6:30 P.m., Dinner ($1.53), Y.M.C.A., or Y.W.C.A. 


CASPER GEOPHYSICAL SOCIETY 
(CHARTERED May 23, 1953) 
President: WENDELL H. Hawkes, Stanolind Oil & Gas Co., Box 40, Casper, Wyoming 
Vice-President: T. L. McCorkie 
Secretary-Treasurer: J. E. BROOKSHIRE, Box 720, Casper, Wyoming 
District Representative: DON B. W1nFREY, Winfrey Exploration Co., Box 755, Casper, Wyoming 
Meetings: Monthly, 1st Monday, 7:00 P.M., Dinner ($2.75), Townsend Hotel. 
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GEOPHYSICAL SOCIETY OF SOUTH TEXAS 


(CHARTERED NOVEMBER 9, 1953) 


President: Joun C. Coox, Southwest Research Institute, 8500 Culebra Road, San Antonio 6, Texas 

Vice-President: WELDON L. CRAWFORD, Petty Geophysical Engineering Co., Box 2061, San Antonio, 
Texas 

Secretary-Treasurer: LAWTON B. STEPHENSON, Petty Geophysical Engineering Co., Box 2061, San 
Antonio, Texas 

District Representative: BART Pratt, Petty Geophysical Engineering Co., Box 2061, San Antonio, 
Texas 

Meetings: Semi-monthly, 2nd and 4th Wednesdays, Noon luncheon (Cafeteria style), Sommers Cafe- 

teria, Main Plaza, San Antonio. 


SOUTHEASTERN GEOPHYSICAL SOCIETY 


(CHARTERED APRIL 1, 1954) 


President: E. H. SHANNON, The Texas Co., 1501 Canal St., New Orleans, La. 
Vice-President: D. D. UTTERBACK, Freeport Sulphur Co., American Bank Bldg., New Orleans, La. 
Secretary-Treasurer: MERRILL Smitu, The Texas Co., Box 252, New Orleans, La. 

District Representative: B. H. TREYBIG, JR., Louisiana Oil Exploration Co., Box 257, New Iberia, La. 
Meetings: Monthly, 3rd Monday, Noon luncheon ($1.50), St. Charles Hotel, New Orleans. 


DAKOTA GEOPHYSICAL SOCIETY 


President: Ratpu H. Howe, The California Co., Box 1277, Bismarck, North Dakota 
2nd Vice-President: W1LL1AM HARLEY, Hercules Powder Co., 1000 14th St., Bismarck, North Dakota 
Secretary-Treasurer: E. B. Coxe, Cities Service Oil Co., Bismarck, North Dakota 

District Representative: O. H. ARmstTroncG, Mobil Producing Co., Box 1236, Bismarck, North Dakota 
Meetings: (Data not received) 


MONTANA GEOPHYSICAL SOCIETY 


(CHARTERED APRIL 12, 1954) 


President: D. M. STEEL, Geotechnical Corp., 251 Avenue F, Billings, Montana 

1st Vice-President: H. R. Apams, Sohio Petroleum Co., Box 529, Billings, Montana 

2nd Vice-President: EDWIN BARTEL, Petty Geophysical Engg. Co., 403 North 24th St., Billings, Mon- 
tana 

Secretary-Treasurer: S. G. Burorp, JR. 

District Representative: 

Meetings: (Data not received) 


STUDENT SOCIETIES 
(AFFILIATED) 
COLORADO SCHOOL OF MINES SOCIETY OF STUDENT GEOPHYSICISTS 


DEPARTMENT OF GEOPHYSICS 
CoLoraDo ScHOOL OF MINES 
GOLDEN, CoLoRADO 


President: Wrtt1aM F. CLARKE Secretary-Treasurer: ROBERT MADDEN 
Vice-President: LEONARD ZASEYBIDA Faculty Sponsor: Joun C. HOLLIsTER 
Meetings: (Data not received) 


GEOPHYSICAL SOCIETY OF SAINT LOUIS UNIVERSITY 


President: CHARLES DALy, 4906 Argyle, St. Louis, Mo. 
Vice-President: RICHARD SNEIDER, 3624 W. Pine, St. Louis, Mo. 
Secretary: MICHAEL ForREST, 5529 Louisiana, St. Louis, Mo. 
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Treasurer: RONALD Hause, 6950 Oleatha, St. Louis, Mo. 

Faculty Moderator: Rev. James B. MACELWANE, S.J., Institute of Technology, 3621 Olive St., St. 
Louis 8, Mo. 

Meetings: Monthly, 2nd Wednesday, 7:30 P.M., Meeting only, Institute of Technology, 3621 Olive 
Street. 


HOUSTON STUDENT SECTION, SOCIETY OF EXPLORATION GEOPHYSICISTS 


President: LEYCESTER STANLEY, 1804 Petroleum Bldg., Houston 2, Texas 

rst Vice-President: 

2nd Vice-President: J. L. WRIGHT, 1238 Harvard St., Houston 8, Texas 

Secretary: R. D. LrBERDA, 914 Redwood, Apt. 2B, Houston 23, Texas 

Treasurer: T. F. Vintne, Bldg. 33, Apt. 3, University of Houston Village, Houston, Texas 

University of Houston Sponsor: R. A. GEYER, 3743 Childress St., Houston, Texas 

Rice Institute Sponsor: C. R. WIsCHMEYER, 5321 Bordley St., Houston, Texas 

Meetings: Monthly, last Friday, 7:30 P.m., alternately at the Library Auditorium, University of 
Houston, and the Physics Laboratory of the Rice Institute, meeting only. 


UNIVERSITY OF TORONTO GEOPHYSICAL SOCIETY 


DEPARTMENT OF PHYSICS 
49 St. GEORGE STREET 
TORONTO 5, ONTARIO, CANADA 


President: H. A. SHILLIBER Secretary-Treasurer: R. D. RUSSELL 
Vice-President: D. W. ALLAN Faculty Sponsor: J. Tuzo Wi1Ltson 


Meetings: Bi-weekly, alternate Thursdays, 4:00 P.M., 49 St. George St. 


UNIVERSITY OF TULSA STUDENT GEOPHYSICAL SOCIETY 


DEPARTMENT OF GEOPHYSICS 
THE UNIVERSITY OF TULSA 
600 S. COLLEGE 
TuLsA 4, OKLAHOMA 


President: Ke1tH Crouse, Jr. Secretary: CECILE NASH 

Vice-President: R. M. CLINTON Treasurer: Scott SMITH 
Faculty Sponsor: J. W. BERG 

Meetings: Every Tuesday, 7:00 P.M., meeting only, Petroleum Science Hall. 


NEW MEMBERS 


ACTIVE CxarK, Don R., Seismologist, Union Oil Co. of 

Ve Calif., 709 8th Ave. W., Calgary, Alta, Canada 

BRoDINE, Ropert V., Geop hystetst, Gulf Re- Crow, M., Seismic 

search & Devel. Co., Box 2038, Pittsburgh 30, Oil & Refg. Co., 202 Humble Bldg., Houston, 
Pa. Texas 

Burney, WILLIAM M. Jr., Seismic Computer, Evans, Jor B. Jr., District Supur., Cities Serv- 

Humble Oil & Rfg. Co., Box 432, Palestine, ice Oil Co., Box 1407, Oil Center Sta., La- 


Texas fayette, La. 
Caran, L. W., Div’n Geologist, The Texas Co.,  Fisuer, ROBERT B., Research Engr., Geophysical 
Box 252, New Orleans 9, La. Research Corp., 1409 S. Allegheny, Tulsa, 
CampBELL, Ho tis O., Section Chief, Continental Okla. 
Oil Co., 721 S. 8th St., Ponca City, Okla. Frank, Mrs. ANNE R., Seismologist, Tidelands 


CHEESMAN, THoMAS R., Field Supi., Sun Oil Exploration Co., 5200 Chestnut St., Bellaire, 
Co., Beaumont, Texas Texas 
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Grimes, T. E., Jr., Supervisor, Robert H. Ray 
Co., c/o Iraq Petroleum Co., Ltd., Box 150, 
Tripoli, Lebanon 

HENpDRICKSON, F. Victor, Seismologist, Ad- 
vanced Exploration Co., 3812 Northwestern, 
Houston 5, Texas 

Hopeson, Rocer K., Geophysicist, Stanolind 
Oil & Gas Co., Box 899, Roswell, New Mexico 

Howe, H., Div’n Geophysicist, The Cali- 
fornia Co., Box 342, Bismarck, N. Dakota 

McCoy, Wittram G., Geological Advisor, Gulf 
Oil Corp., Drawer 1290, Fort Worth, Texas 

McGeE, Howarp A., Development Engineer, 
United Geophysical Corp., 1085 Medford Rd., 
Pasadena, Calif. 

Morepock, Joun D., Seismograph Computer, 
Sun Oil Co., Box 1798, Denver, Colo. 

MorGan, Georce O. Jr., Div’n Geophysicist, 
Humble Oil & Refg. Co., Box 626, New Or- 
leans, La. 

Morse, LEIGHTON L., Electronics Technician, 
U. S. Navy Electronics Lab., 3931 LaCresta 
Drive, San Diego 7, Calif. 

Morr, J. LAwrENcE, Vice-President, Champlin 
Refg. Co., 1609 W. Maine, Enid, Okla. 

MorpureE, H. F., Party Chief, Western Geo- 
physical Co. of Amer., Box 125, Douglas, Wyo. 

Purpps, Ropney T., Geophysicist, Union Oil Co. 
of Calif., 4411 16A St. S. W., Calgary, Alta., 
Canada 

Pitts, J. J., Gravity Party Chief, Robert H. Ray 
Co., Box 6557, Houston, Texas 

PRICHARD, Harotp H., Party Manager, The 
Atlantic Refg. Co., Box 1955, Wolf Point, 
Mont. 

Pruitt, Marion F., Computer, Humble Oil & 
Refg. Co., 202 Humble Bldg., Houston, Texas 

Raver, Mites T., Geologist, Union Oil Co. of 
Calif., 1304 Apache, Bismarck, N. Dakota 

Ruopes, Cecit T. Jr., Seismologist, Petty Geo- 
physical Engg. Co., 403 N. 24th St., Billings, 
Mont. 

Sackett, L. H., Senior Computer, Seismic Ex- 
plorations, Inc., Box 597, Watford City, N. 
Dakota 

Scurott, CHartes L., Party Chief, Gravity 
Meter Exploration Co., 340 Esperson Bldg., 
Houston 2, Texas 

Smitu, GeorcE R., Gravity Supervisor, Tidelands 
Exploration Co., 315 Asbury, Houston 7, 
Texas 

StranpD, E. H., Geophysicist, Union Oil Co. of 
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Calif., 4820 4A St. SW, Calgary, Alta., Canada 

SwaFForD, THomas W. Jr., Project Engineer, 
The Geotechnical Corp., 1401 English St., 
Irving, Texas 

Travis, L. R. Jr., Senior Seismic Computer, 
Humble Oil & Refg. Co., Box 840, Wichita 
Falls, Texas 

Tis, H. C., Party Chief, National Geophysical 
Co., 839 24th Ave. SE, Calgary, Alta., Canada 

VEcTER, J. R., Director, Geological Survey, Box 
401, Pretoria, Union of South Africa 

Weeks, ALBERT W., Staff Geologist, Sun Oil Co., 
1608 Walnut St., Philadelphia 3, Pa. 

WELLs, Lovat H., District Geophysicist, Arkansas 
Fuel Oil Corp., Box 755, Lafayette, La. 

Witson, Davp S., Senior Seismic Computer, 
Humble Oil & Refg. Co., Box 626, New 
Orleans, La. 


TRANSFER TO ACTIVE 


SuMNER, Joun S., Research Assistant, University 
of Wisconsin, Madison, Wis. 


REINSTATEMENT 
MoLtteRE, Joun C., Chief Design Engineer, 
Western Geophysical Co., 923 N. LaBrea, Los 
Angeles 38, Calif. 
POINDEXTER, Louis M., President, Advanced 
Exploration Co., 3732 Westheimer Rd., 
Houston, Texas 


ASSOCIATE 

ACKERMANN, HERBERT J. JR., Computer, La- 
fayette Exploration Co., Box 555, S.L.I., 
Lafayette, La. 

Apams, G. W., Disir. Sales Mgr., Canadian In- 
dustries Ltd., 10330 1o4th St., Edmonton, 
Alta., Canada 

ANNELER, Joy J., Party Chief, Precision Ex- 
ploration Co., 1107 N. Clement, Gainsville, 
Texas 

BAuzER, JOHN W., Geophysicist, Gulf Oil Corp., 
Box 1290, Fort Worth, Texas 

BarKER, CLAUDE L., Ass’t Sales Mgr., E. I. du 
Pont de Nemours & Co., Inc., 922 Midland 
Savings Bldg., Denver, Colo. 

BasyE, Epwarp R., Jr. Geophysicist, Shell Oil 
Co., Box 2099, Houston, Texas 

BEALL, Epwarp W., Computer, Delta Explora- 
tion Co., 822 Canal St., Houma, La. 

BEARNTH, ROBERT E., Jr. Geophysicist, Humble 
Oil & Refg. Co., 202 Humble Bldg., Houston, 
Texas 
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BECHNER, GEORGE F., Ass’t Geophysical Inter- 
preter, The Carter Oil Co., Box 801, Tulsa 2, 
Okla. 

Brecon, S. J., Vice-President, Clevite-Brush De- 
velopment Co., 540 E. 105th St., Cleveland 
8, Ohio 

Brayney, A. J., Geophysicist, California Standard 
Co., Medical Arts Bldg., Calgary, Alta., 
Canada 

Brom, Harotp A., Sr. Physicist, The Atlantic 
Refg. Co., 9439 Lenel PI., Dallas 20, Texas 

Brooks, L., Party Chief, Central Ex- 
ploration Co., Inc., 1131 N. Poplar, Wichita, 
Kansas 

Buttock, Tuomas E., Computer, United Geo- 
physical Corp., Box 263, Houston, Miss. 

CAMERON, JOHN B., Intermediate Geophysicist, 
Stanolind Oil & Gas Co., 514 18th St., Bis- 
marck, N. Dakota 

Campoponico, Marco A., Computer, Tidelands 
Exploration Co., Box 322, Sulphur, La. 

Cuapwick, Curtis L., Surveyor, Seismic Anal- 
ysis, Inc., 1020 Texas Bank Bldg., Dallas, 
Texas 

Cuatus, WALTER, Geophysicist, The California 
Standard Co., Peace River, Alta., Canada 

CHERRY, JESSE T. Jr., Jr. Geophysicist, Shell 
Oil Co., Box 2099, Houston 1, Texas 

Coxer, Frank B., Head Patent Division, 
United Geophysical Corp., 225-C N. Al- 
hambra Ave., Monterey Park, Calif. 

Comer, R. L., Seismologist, Shell Oil Co., Cal- 
gary, Alta., Canada 
ConraD, GUNTER W., Computer, Continental 

Geophysical Co., Box 773, Ozona, Texas 

CRABTREE, R. W., Sales Manager, Hercules 
Powder Co., 225 Bush St., San Francisco, 
Calif. 

Crum, Donatp L., Computer, Seismic Explora- 
tions Inc., Box 13057, Houston, Texas 

Darsy, E. K., Geophysicist, Gulf Research & 
Devel. Co., Drawer 2038, Pittsburgh 30, Pa. 

Dawson, GILBERT E., Party Manager, Gulf Re- 
search & Devel. Co., Box 994, Alpine, Texas 

Dennis, JAMES N., Geophysicist, The California 
Standard Co., 11223 76th Ave., Edmonton, 
Alta., Canada 

Dut, James B., Computer, United Geophysical 
Corp., Box 682, Beaver, Okla. 

Downs, J. W., Party Chief, Petty Geophysical 
Engg. Co., Box 691, Morgan City, La. 

Exuson, Cuartes E., Party Chief, Precision 
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Exploration Co., 814 American Airlines Bldg., 

Tulsa, Okla. 

Eneoman, H. E., Geophysicist, California Stand- 
ard Co., 4010 Elbow Dr., Calgary, Alta., 
Canada 

ERICKSON, JouNn O., Technical Trainee, Phillips 
Petroleum Co., 417 Bank Bldg., Bartlesville, 
Okla. 

EVERNDEN, JACK F., Ass’t Professor, University 
of California, 1317 Acton St., Berkeley, Calif. 

Foster, AARON F., Chief Observer, Burton Ex- 
ploration Co., Box 2186, Midland, Texas 

Fox, Bruce W., Geologist, The Atlantic Refg. 
Co., 922 Texas Eastern Bldg., Shreveport, La. 

Frencu, Francis C., Jr. Computer. The At- 
lantic Refg. Co., Box 2819, Dallas 1, Texas 

FROELICH, JAMES E. Jr., Geophysicist Trainee, 
The Superior Oil Co., 4250 Richmond Rd., 
Houston, Texas 

Fusso, W. Jr., Geologist-Geophysicist, 
The California Co., Box 780, Denver 1, Colo. 

Gavvin, GERALD R., Jr. Observer, Petroleum 
Geophysical Co., New England Hotel, Har- 
lem, Mont. 

GiucurisT, WittiAM H. Jr., Computer, Don- 
nally Seismograph Co., 1315 Cadiz St., Dallas, 
Texas 

Grmtett, James I., Graduate Student, School of 
Mineral Sciences, Stanford University, Stan- 
ford, Calif. 

GOLDSTEIN, NorMAN, Geophysicisi, Air Force 
Cambridge Research Center, CRHG, 230 
Albany St., Cambridge 39, Mass. 

Gotson, REx Jr., Seismologist, Shell Oil Co., 
Box 636, McComb, Miss. 

Gravitt, ALLEN L., Seismologist Asst., Shell Oil 
Co., 744 S. Beacon, Los Angeles, Calif. 

Gray, Gorpon L., Geologist, Skelly Oil Co., 
6020 Castle Dr., Wichita 17, Kansas 

Hajovskxy, H., Computer, Marine Exploration 
Co., 221 Estelle, Houston, Texas 

Hate, Rosert M., Intermediate Geophysicist, 
Stanolind Oil & Gas Co., Box 591, Tulsa 2, 
Okla. 

Ho tus, James T., Seismic Interpreter, Marine 
Seismic Surveys, Inc., 2411 Tisinger, Dallas, 
Texas 

Howarp, Winston B., Seismologist, United 
Geophysical Corp., 444 Sherman St., Denver, 
Colo. 

Howe, C. L., Geophysicist, Stanolind Oil & 

Gas Co., 317 roth St., Bismarck, N. Dakota 
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Hupson, J. A., Computer, Geophysical Service 
Int’! Corp., 706 oth Ave. W., Calgary, Alta., 
Canada 

Jenkins, R. A., Computer, General Geophysical 
Co.,1121 Elgin Ave., Moose Jaw, Sask., Canada 

JENSEN, ARNOLD R., Chief Computer, Seismo- 
graph Service Corp., Box 1590, Tulsa 1, Okla. 

Jounson, Dean, Jr. Geophysicisi, Shell Oil Co., 
Box 2099, Houston, Texas 

Jounson, J. H., Party Manager, Sohio Petroleum 
Co., 1964 West Gray, Houston, Texas 

Jounson, RoBert W. Jr., Airborne Geophysicist, 
U. S. Geological Survey, 4862 S. 28th St., 
Arlington 6, Va. 

Jones, WALTER DEE Jr., Computer, Tidelands 
Exploration Co., 2626 Westheimer Rd., 
Houston 6, Texas 

KANASEWICH, Ernest, Computer, Geophysical 
Service Int’l Corp., 706 9th Ave. W., Calgary, 
Alta., Canada 

KAUFMAN, CHARLES STEPHEN, Sales Representa- 
tive, Lew Wenzel & Co., 183 Parkhouse St., 
Dallas, Texas 

Kay, R. E., Observer-Party Manager, Geochem- 
ical Surveys, Box 205, Kenedy, Texas 

KELLY, JEROME J., Research Technologist, Mag- 
nolia Petroleum Co., 127 N. Montclair Ave., 
Dallas, Texas 

Kipack, N. R., Party Chief, Canadian Gulf Oil 
Co., Claresholm, Alta., Canada 

KorNFELD, JosePH A., Consuliant, 301 Oil Cap- 
ital Bldg., Tulsa, Okla. 

Knicut, Witu1am V., Geologist, The Atlantic 
Refg. Co., 1531 S. Ridgewood, Wichita 17, 
Kansas 

KrinGEL, Howarp E., Computer, General Geo- 
physical Co., Box 43, Houma, La. 

Kunn, ALLEN, Computer, Marine Ex- 
ploration Co., 7313 Burthe St., New Orleans, 
La. 

Lancston, B. L., Party Chief, Western Geo- 
physical Co. of Amer., 520 N. Market St., 
Shreveport, La. 

LAaNGWELL, AucustT 111, Gravity Computer, Petty 
Geophysical Eng. Co., Drawer 2061, San 
Antonio 6, Texas 

LAROCHELLE, ANDRE, Technical Officer, Geo- 
logical Survey of Canada, National Museum, 
Ottawa, Canada 

LEDBETTER, CHARLES E., Computer, Seismic 
Engineering Co., 2544 S. W. 2oth St., Okla- 
homa City, Okla. 


Locan, LEE W., Gravity Engineer, Humble Oil 
& Refg. Co., 202 Humble Bldg., Houston, 
Texas 

MacDoucGatL, Rospert E., 6549 Commodore 
Sloat Dr., Los Angeles 48, Calif. 

MArprRosiAN, AZAD, Geophysical Trainee, The 
Texas Co., Box 1356, Levelland, Texas 

MarsHALL, IAIN, Gravity Observer and Party 
Leader, N. V. Nederlandsche Nieuw Guinee 
Petroleum Mij., Sorong, Netherlands New 
Guinea 

MarsHALL, JoHN K., Computer, Seismograph 
Service Ltd., Holwood, Keston, Kent., Eng- 
land 

Martin, Lucien T., Observer, The Atlantic 
Refg. Co., Box 2819, Dallas 1, Texas 

McCastin, Joun C., District Editor, Oil & Gas 
Journal, Box 1260, Tulsa, Okla. 

McDonap, Cnartes R., Intermediate Geophysi- 
cist, Stanolind Oil & Gas Co., Box 7128, New 
Orleans 19, La. 

McLovup, R. Eart, Geophysical Engineer, Rob- 
ert H. Ray Co., Rt. 1, Box 109, Slaton, Texas 

McKinney, DANA Jr., Research Supervisor, 
Hercules Powder Co., 3205 Lancaster Ave., 
Wilmington, Dela. 

MILLIKEN, Rosert L., Computer, Petty Geo- 
physical Engg. Co., Box 2061, San Antonio 6, 
Texas 

Moss, CLELLEN, Geophysicist, Delfern Oil Co., 
2201 32nd St., Lubbock, Texas 

Mourcuison, J. M., Seismologist, Geocraft Ltd., 
1110 4th St. W., Calgary, Alta., Canada 

Myron, Kennetu E., District Geologist, The 
Texas Co., Box X, Taft, Calif. 

Narayana, J. V. S., Trainee Geophysicist, Seis- 
mograph Service Ltd., c/o Assam Oil Co., 
Digboi, Upper Assam, India 

NELSON, JERRY, Geophysical Trainee, Shell Oil 
Co., Calhoun City, Miss. 

NicH, CLARENCE, Party Chief, Petty Geophys- 
ical Engg. Co., Box 657, Gillette, Wyo. 

Ottver, Howarp W., Geophysicist, U. S. Geo- 
logical Survey Geophysics Branch, 3025 On- 
tario Rd., N. W., Washington 9, D. C. 

Owens, MicHakt R., Intermediate Geophysicist, 
Stanolind Oil & Gas Co., Box 1437, Bismarck, 
N. Dakota 

Petrus, WittiaM F., Computer, Reliable Geo- 
physical Co., Box 450, Yoakum, Texas 

Puts, Miss Mary S., Jr. Geophysicist, Hum- 
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ble Oil & Refg. Co., 5514 H.M.C., Apt. 1, 
Houston 21, Texas 

Prxe, Haroxp A. Jr., Computer, Tidelands Ex- 
ploration Co., 3611 Mandell St., Apt. 2, Hous- 
ton 6, Texas 

PLorkin, Max, Computer, Northwest Seismic 
Surveys, Ltd., 1735 Rose St., Regina, Sask., 
Canada 

ProvINcE, Harop E., Geological Observer, The 
California Co., 800 The California Co. Bldg., 
New Orleans 12, La. 

Pucu, Aucust L., Ass’t Interpreter, Berg Geo- 
physical Co., 2204 oth St., Galena Park, Texas 

Ruopes, Lioyp H., II, Jr. Geophysicist, Stano- 
lind Oil & Gas Co., Box 899, Roswell, N. Mex- 
ico 

RussELL, WILLIE LEE Jr., Seismic Observer, 
Robert H. Ray Co., Villa No. 4, Rue No.1, 
Smouha, Alexandria, Egypt 

SANCHEZ, ABELINO B., Computer, Advanced Ex- 
ploration Co., 3830 Sarita St., Corpus Christi, 
Texas 

SAWYER, GEORGE M., Computer, Western Geo- 
physical Co. of Amer., 4954 Wiota St., Los 
Angeles 41, Calif. 

Scott, Joun C., Compuier, Keystone Explora- 
tion Co., 2813 Westheimer Rd., Houston 6, 
Texas 

SHaw, MAynarp D., Computer Trainee, General 
Geophysical Co., Oxford, Miss. 

Sianis, ALBERT A., Computer, Phillips Petroleum 
Co., Box 791, Midland, Texas 

SmitH, E., Intermediate Geophysicist, 
Stanolind Oil & Gas Co., Box 591, Tulsa 2, 
Okla. 

SPALsBuRY, A., Compuier, Cardinal 
Geophysical Co., Inc., Box 125, Larned, 
Kansas 

STANLEY, DONALD J., Geologist, West Australian 
Petroleum, Box 898, G.P.O., Perth, Australia 

Taco, A. RicHarp. Second Computer, Geoma- 
rine Service Int’l Inc., 50103 Greenville Ave., 
Dallas 6, Texas 

TALKINGTON, GERALD E., Geophysicist, Gulf 
Research & Devel. Co., Drawer 2038, Pitts- 
burgh 30, Pa. 

TarTER, THomas A. Jr., Computer, United 
Geophysical Corp., 1200 S. Marengo, Pasa- 
dena, Calif. 

TEAGUE, GENE, Second Computer, Geophysical 
Service Inc., 102 N. Greenleaf, Brownwood, 
Texas 
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Tirt, SHERIDAN W., Computer, The Superior 
Oil Co., 3011 West Michigan, Midland, Texas 

TOWNSEND, KENNETH S., Chief Computer, 
Seismograph Service Corp., Box 1590, Tulsa 1, 
Okla. 

VAN DER Siyp, J. W. C. M., Seismologist, Com- 
pagnie des Petroles de Tunisie, B. P. 77, 
Sousse, Tunisia 

VarvA, Joe F. Jr., Chief Computer, United 
Geophysical Corp., Gen’l Delivery, Chinook, 
Mont. 

VEASAW, JACK H., Jr. Geophysicist, Shell Oil Co., 
Box 1084, Baton Rouge, La. 

Wacner, R. L., Computer, Sohio Petroleum Co., 
Box 359, Casper, Wyo. 

WAHLERS, SAM W., Jr. Observer, Sohio Petroleum 
Co., Box 950, Bay City, Texas 

WEGEMER, RICHARD L., Geophysicist, Gulf Re- 
search & Devel. Co., Drawer 2038, Pittsburgh 
30, Pa. 

WEtcu, Miss MARGARET Marie, Jr. Geophysi- 
cist, Humble Oil & Refg. Co., 3303 Purdue, 
No. 1, Houston 5, Texas 

Wuitcoms, Harry S. Jr., Computer, Seismic 
Explorations Inc., Box 13057, Houston 109, 
Texas 

Wiwrey, LAWRENCE Git, Ass’t Geophysicist, 
Arabian American Oil Co., 505 Park Ave., 
New York 22, N. Y. 

WuitmorE, RICHARD E., Party Chief, The At- 
lantic Refg. Co., Box 486, Anadarko, Okla. 

Wricut, Detmar, General Manager, Electro- 
Tech Pacific, 1420 Opechee Way, Glendale 8, 
Calif. 

ZALOG, Dan R., Computer, Geophysical Service 
Inc., Box 761, Chinook, Mont. 


TRANSFER TO ASSOCIATE 


Assott, Rosert F., Computer, Geophysical 
Service Inc., 5900 Lemmon Ave., Dallas 9, 
Texas 


ALLENBY, R. J. Jr., Research Geophysicist, Cali- 
fornia Research Corp., 424 N. Bright Ave., 
Whittier, Calif. 

ANDERSON, RicHarD C., rst Computer, Geo- 
physical Service, Inc. Box 564, Ft. Stockton, 
Texas 

Beck, D. Jr., Geophysical Trainee, 
The Superior Oil Co., Box 7, Lake Arthur, La. 

BINcEL, JAMEs R., Jr. Geophysicist, Bear Creek 
Mining Co., 516 Acoma St., Denver 4, Colo. 
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Brack, Rosert J., Party Chief, Continental 
Geophysical Co., Box 37, Mott, N. Dakota 

Broman, WittiAM H., Jr. Geophysicist, Shell 
Oil Co., 714 Superior Ave., Crystal Falls, 
Mich. 

CASTILLO, JORGE E., Seismologist, Richmond Ex- 
ploration Co., Aptdo. 93, Maracaibo, Vene- 
zuela 

CLEMENTS, Donatp H., Oceanographer, U. S. 
Navy Hydrographic Office, 4905 Deal Dr., 
Washington 21, D.C. 

DrkeEr, SALAHI, Party Chief, M.T.A. Enstitusu, 
P. O. Box 209, Ankara, Turkey 

DvECKER, JOHN C., Geophysics Interpreter, Gulf 
Research & Devel. Co., Drawer 2038, Pitts- 
burgh 30, Pa. 

Exuis, THomAs JOHN, Jr. Exploration Geophysi- 
cist, Humble Oil & Refg. Co., Box 49, De- 
Funiak Springs, Fla. 

GOoopFELLOW, RoBEerT T., Geologist-Observer, 
Standard Oil Co. of Texas, 2317 Broadway, 
Galveston, Texas 

GRIESEDIECK, BERNARD H. Jr., Computer, The 
Atlantic Refg. Co., Box 2819, Dallas 1, Texas 

HANsEN, Don A., Raw Materials Engineer, 
Geneva Steel Co., 291 S. 3rd East, American 
Fork, Utah 

HEPPNER, JAMES P., Naval Research Laboratory 
No. 7155, Washington 25, D. C. 

HowEtt, Joun L., Geologist and Geophysicist, 
H. H. Howell Oil Operator, 840 Milam Bldg., 
San Antonio 5, Texas 

Hunt, Husert B., Computer, The Atlantic 
Refg. Co., Box 2819. Dallas 1, Texas 

Jounson, Jason S., Geophysicist, The California 
Co., 630 Bellaire St.; Denver, Colo. 

Jones, Stuart A., Intermediate Geophysicist, 
Stanolind Oil & Gas Co., Box 1540, Midland, 
Texas 

Lucas, Dennis R., Geophysicist, The California 
Co., 800 The California Co. Bldg., New Or- 
leans 12, La. 

Mackay, Ian H., Geophysicist, The California 
Standard Co., Medical Arts Bldg., Calgary, 
Alta., Canada 

Maxey, W. A., Computer, Exploration Consult- 
ants Corp. of Dela., Box 804, Meade, Kansas 

McConnELL, E. B. Jr., Jr. Seismologist, Mag- 
nolia Petroleum Co., Box goo, Dallas 1, Texas 

Mittett, Frank B. Jr., Geophysicist, Bear 
Creek Mining Co., 516 Acoma St., Denver 4, 
Colo. 


Mosier, WitFRED C., Geologist, Standard Oil 
Co. of Calif., Box 278, Oildale, Calif. 

NicHoiis, Harry R., Technical Trainee, Gulf 
Research & Devel: Co., Drawer 2038, Pitts- 
burgh 30, Pa. 

Novak, Dante. J., Computer, General Geo- 
physical Co., 2315 Ryan, Lake Charles, La. 

Novotny, Rosert T., Jr. Geologist, E. J. Long- 
year Co., C.P. 2096, Luanda, Angola, 
Portuguese West Africa 

O’Leary, Truotuy D., Sr. Computer, Western 
Geophysical Co. of Amer., Box 159, Casper, 
Wyo. 

Orcutt, H. DALE, Geophysicist, The California 
Co., Box 780, Denver 1, Colo. 

Ostenso, NED A., 2nd Li., U. S. Army Signal 
Corps, Officers Mail Rm. Sec. 712, Ft. Mon- 
mouth, N. J. 

Roy, AMALENDU, Ass’t Geophysicist, Geological 
Survey of India, 27 Chowringhee, Calcutta 13, 
India 

SAEGART, WiLLIAM E., Geophysical Engineer, 
Phelps Dodge Corp., 1009 oth St., Douglas, 
Ariz. 

Syxes, Ropert E., 4673 Falcon Ave., Long 
Beach, Calif. 

Tayior, R. R., Chief Geophysicist, International 
Nickel Co., Copper Cliff, Ont., Canada 

WALLACE, JOHN J., 2nd Lt., Corps of Engineers, 
U. S. Army, 241 4th Ave. E., Twin Falls, 
Idaho 

Watton, Wittiam M. Jr., Ass’t Interpreter, 
The Carter Oil Co., Box 1490, Jackson, Miss. 

WarrEN, Davip H., Geophysicist, Standard Oil 
Co. of Calif., Box 278, Oildale, Calif. 

WENTNER, Bruce C., Computer, Geophysical 
Service Inc., Box 446, Rankin, Texas 

WITHSTANDLEY, Victor III, Geophysicist, Beers 
and Heroy, Box 652, Laramie, Wyo. 


REINSTATEMENT TO ASSOCIATE 


SEDNER B., Epmunpo, Head, Technical Dept., 
Petroleum Dept., Gen’l Direction of Mines 
and Hydrocarbons, 3a Avenida Sur No. 10-29, 
Zona 1, Guatemala City, Guatemala 


STUDENT 


A., St. Louis University, 
403 S. Aurora St., Collinsville, Ill. 

Curnton, R. M. Jr., The University of Tulsa, 
808 S. Florence, Tulsa, Okla. 
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Corrs, DanrEL J. C. Jr., The University of 
Tulsa, 716A Lincoln, Sand Springs, Okla. 
Crouse, Kretu E., Jr., The University of Tulsa, 
Pi Kappa Alpha House, Tulsa, Okla. 

Daty, CHARLES MICHAEL, St. Louis University, 
4906 Argyle, St. Louis, Mo. 

Garpuno, AnDrfs, The University of Tulsa, 
1343 S. Florence, Tulsa, Okla. 

Kipp, Donatp F., The University of Tulsa, 1231 
S. Columbia Pl., Tulsa, Okla. 

Kupey, Tom, The University of Tulsa, 1108 S. 


MEMBERSHIP APPLICATIONS RECEIVED 
Applications for Active membership have been received from the following candidates. This 
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Detroit Ave., Tulsa, Okla. 

MARSHALL, Donatp J., Geology Dept., Cali- 
fornia Institute of Technology, Pasadena, Calif. 

McKeon, Epwarp P., The University of Tulsa, 
1228 E. 35th Pl., Tulsa, Okla. 

MiatTecH, GERALD J., St. Louis University, 
8800 Jordan St., St. Louis 15, Mo. 

Nose, Jack A., The University of Tulsa, John 
Mabee Hall, Tulsa, Okla. 

W., University of Manitoba, Fort 

Garry Campus, Winnipeg, Man., Canada 


publication does not constitute an election but places the names before the membership at large, in 
accordance with Bylaws, Article III, Section 4. If any member has information bearing on the quali- 
fications of these candidates he should send it to the President within thirty days. 


ABBEY, G. E., Part Owner & Mgr. Central Ex- 
ploration Co., Inc., 2320 East Central Ave., 
Wichita, Kan. 
ALLEN, Cuartes F., Geologist, Stanford Re- 
search Institute, Stanford, Calif. 
ANTHONY, JAMES P., Jr., Lab. Engineer, General 
Geophysical Co., 2802 Post Oak Rd., Hous- 
ton 19, Tex. 
BeacH, Joun H., Manager of Exploration, 
Oceanic Oil Company, 3120 Eighteenth St., 
Bakersfield, Calif. 
BE1QvE, Louts, Geophysicist, Barnes Exploration 
Co., 229 Capitol Bldg., Midland, Tex. 
BenisH, R. H., Geophysical Consultant, 1985 
South Fillmore, Denver 10, Colo. 
Berry, Donan L., Computer, Phillips Petroleum 
Co., P. O. Box 574, Great Bend, Kan. 
BLAKELY, Rosert F., Geophysicist, Indiana Geo- 
logical Survey, 801 E. Atwater Ave., Bloom- 
ington, Ind. 
Boone, D., Geophysicist, 529 Ft. Worth 
Nat’l Bank Bldg. Fort Worth 2, Tex. 
Brooks, C. C., President, Geophysical Consult- 
ants, Inc., 521 McBirney Bldg. Tulsa 3, Okla. 
BrooxsHirE, J. E., Adm. Asst. to Exploration 
Megr., Shell Oil Co., Box 720, Casper, Wyo. 
Brown, GRrayDONn L., Research Electronics Eng’r., 
Continental Oil Co., 2100 John St., Ponca 
City, Okla. 

CALLENDER, Bitty R., Computer, The Texas Co., 
P. O. Box 746, Minot, N. Dak. 


Crark, VERNAL D., Vice-President, Taylor Ex- 


ploration Co., Inc., 2118 Welch Ave., Houston 
19, Tex. 

Cie, Dattas D., Engineer, Perforating Guns 
Atlas Corp., 3915 Tarp St., Houston, Tex. 

CorNELL, JAMES R., Chief Computer, United 
Geophysical Corp., 4152 So. Colfax, Min- 
neapolis, Minn. 

CRAWFORD, FRANK C., District Geologist, The 
Ohio Oil Co., Box 1129, Shreveport, La. 

D’Arcy, Date G., Party Chief, United Geophysi- 
cal Co. of Canada, 531—8th Avenue West, 
Calgary, Alberta, Can. 

Davis, RoBert T., Chief Computer, Robert H. 
Ray Co., 624 Broadway, Chico, Calif. 

DEKKER, JOHN H., Chief Computer, United Geo- 
physical Corp., 2524 East Glenoaks Blvd., 
Glendale 6, Calif. 

DetBrince, J. D., Geophysicist, Shell Oil Co., 
1730 So. Delaware, Tulsa, Okla. 

Ecuots, Royce N., Seismologisi, Marine Seismic 
Surveys, 3950 Highgrove Dr., Dallas 20, Tex. 

Fercuson, Henry B., Head Geoph. Research Sec- 
tion, The Carter Oil Co., 2632 E. Third St., 
Tulsa, Okla. 

Grant, Cotin K., Sr. Geophysicist, South Aus- 
tralian Dept. of Mines, 31 Flinders St., Ade- 
laide, South Australia 

GREEN, W., Manager, Seismograph 

Service Corp., P. O. Box 562, Alexandria, 
Egypt 
Grivetti, E. J., Party Chief, Continental Oil 
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Company, 203 Carondelet Bldg., New Or- 
leans, La. 

GuEDES, Sitv10 Chief Geologist, Prospec, 
Lavantamentos Av. General Josto, 275 Bloco 
13-A, Grupo 305, Rio de Janeiro, Brazil 

HarpineG, Joun H., Party Chief, Western Geo- 
physical Co. of Canada, Ltd., 3203—25th St., 
S.W., Calgary, Alberta, Canada 

Harmon, B. F., Jr., Computer, Geophysicist, 
5900 Lemmon Ave., Dallas, Tex. 

HAvsLaDEN, A. J., Geophysical Interpreter, The 
Carter Oil Co., P.O. Box 566, Minot, N. Dak. 

HoLpEN, WALTER, JR., Geophysicist, British 
American Oil Co., Ltd., 409 3rd St. West, 
Calgary, Alberta, Canada 

Jounson, J. H., Technical Supervisor, Century 
Geophysical Corp., P. O. Box 6216, Pine Sta- 
tion, Tulsa 10, Okla. 

Larson, G. D., Chief Geophysicist, Cosden Pe- 
troleum Corp., Box 1311, Big Spring, Tex. 

Lawson, A. J., Jr., Party Chief, Nance Explora- 
tion Co., 2506 Robinhood St., Houston 5, Tex. 

Levin, FRANKLYN KussEL, Physicist, The Car- 
ter Oil Co., Box 801, Tulsa, Okla. 

LiEvANO, JosepH G., Seismologist, Compania 
Shell de Venezuela, Exploration Dept., Aptdo. 
19, Maracaibo, Venezuela 

Lirpitt, Louis, Geologist-Geophysicist, Standard 
Oil Co. of California, 4521 Charles Pl., Bakers- 
field, Calif. 

Lueta, A., District Geologist, American 
Republics Corp. 1193 North Broadway, Bill- 
ings, Mont. 

Lusk, J. C., Geophysicist, Sinclair Oil & Gas Co., 
gor Fair Bldg. Ft. Worth, Tex. 

Mason, J. P., Vice-President, Montex Explora- 
tion Co., 502 Continental Bldg. Dallas, Tex. 
Massey, Roy W., Geophysicist, The Ohio Oil Co., 

Casper, Wyo. 

Mesicos, Marceto G., Geologist, c/o Socony- 
Vacuum Oil Co. of Venezuela, Apartado 246, 
Caracas, Venezuela 

MITCHELL, RoBERT O., Division Geologist, Stano- 
lind Oil & Gas Co., 400 Petroleum Bldg., 
Calgary, Alberta, Canada 

Monnotton, H. T., Supervisor, Dayton Ex- 
ploration Co., 422 1st Nat’l Bank Bldg., Den- 
ver, Colo. 

Moopy, James L., Geologist, Houston Oil Co., 
Room 1801 Milam Bldg., San Antonio, Tex. 

NeEtson, KenneETH E., Party Chief, Seismograph 
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Service Corp., Box 1590, Tulsa, Okla. 

Oster, L. D., Geophysicist, Continental Oil Co., 

Geophysical Section, 1755 Glenarm Place, 
Denver, Colo. 

Parrack, A. L., 5221 Holly, Bellaire, Tex. 

PARSONS, JESSE H., Geologist-Geophysical Coordi- 
nator, The Texas Co., 114 Lincoln Ave., Taft, 
Calif. 

Puitiies, GERALD C., Physicist, c/o Physics 
Dept., Rice Institute, Houston, Tex. 

PitcuEer, TED, Head Draftsman, The Texas Co., 
P. O. Box 2332, Houston, Tex. 

Quinn, C. J., Consultant, 1728 Carlisle Rd., 
Oklahoma City 16, Okla. 

Roserts, LEE Roy, Geologist, Crown Central 
Petroleum Corp., Sonnier Bldg., Rm. 29, La- 
fayette, La. 

SavacE, P. J., Seismologist—P.C., Discovery 
Geophysical Ltd., 324 roth St. N. W., Calgary, 
Alberta, Can. 

Sax, Wrtiiam A., Seismic Analyst, Standard Oil 
Co., of Texas, 3311 Sackett, Houston 1, Tex. 

ScHROETER, HERBERT W., Interpreter, Sun Oil 
Co., 995 San Jacinto, Beaumont, Tex. 

ScHucHARDT, GLYNN M., Sr. Geophysicist, 6544 
Sewanee, Houston, Tex. 

ScHuLTE, Winston H., Party Chief, Robert H. 
Ray Co., 624 Broadway, Chico, Calif. 

SEAMAN, D. R., Supervisor, Seismotech. Limited, 
2233 South Railway, Regina, Sask., Canada 
Srmumons, Atvin E., Vice-President, Taylor Ex- 
ploration Co., Inc., 2118 Welch Ave., Houston 

19, Tex. 

SKINNER, JOHN W., Jr., Party Chief, Southern 
Geophysical Co., Box 2142, Ft. Worth, Tex. 
SPECKHARD, W. H., Party Chief, Exploration 
Consultants Corp., P. O. Box 1746, Ardmore, 

Okla. 

SPEED, CARLETON, Independent Operator, 1315 
Second Nat’l Bank Bldg. Houston, Tex. 

Squire, GeorcE, D., Party Chief, Nance Ex- 
ploration Co., 417—16th Ave., N. W., Cal- 
gary, Alberta, Canada 

Stavin, Matrew, III, Supor. Engg. Div’n, 
United Geophysical Corp., 1200 S. Marengo 
Ave., Pasadena 5, Calif. 

Sparks, Barry M., Party Chief, Cities Service 
Oil Co., Bartlesville, Okla. 

STEPHENS, Norman R., Party Chief, Nance Ex- 
ploration Co., 417—16th Ave., N. W., Cal- 
gary, Alberta, Canada 
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Stone, E. T., Jr., Field Supervisor, Wm. M. 
Barret, Inc., 1431 Dalzell, Shreveport, La. 
TEMPLETON, HARVARD G., Computer, The Texas 

Co., Box 96, Big Lake, Tex. 

THRALLS, WARREN H., Supervisor of Exploration, 
Arabian-American Oil Co., 505 Park Ave., New 
York 22, N. Y. 

WanvswortH, A. H. Jr., Independent Geologisi, 
P. O. Box 227, Bay City, Tex. 

West, Jack C., District Geologist, Hancock Oil 
Co., Box 257, Bakersfield, Calif. 

Wuitt, Raysurn H., Party Chief, Western 
Geophysical Co. of Canada, 605A Second St., 
West, Calgary, Alberta, Canada 

Wituiams, THomas H., III, Party Chief, Republic 

Exploration Co., Box 66, Anthony, Kan. 

Wiuson, L. M., Geophysicist, 600 Pacific Nat’l 
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ANNOUNCEMENTS 


BAD ADDRESSES 


The Society has lost contact with the members whose names and last known addresses are listed 
below. Anyone having knowledge of the present address of any of these members is requested to 


Life Bldg., Salt Lake City 1, Utah 
Womack, H. O., Purchasing Agent, Robert H. 
Ray Co., P. O. Box 6557, Houston 5, Tex. 


TRANSFER TO ACTIVE MEMBERSHIP 


ALLEN, SAMUEL W. JRr., Assistant Compuier, Con- 
tinental Oil Co., Box 632, Ponca City, Okla. 
ARMSTRONG, ARCHIBALD C., Party Chief, Ca- 

nadian Gulf Oil Co., Box 130, Calgary, Al- 
berta, Canada 
BOHANAN, WAYNE Forrest, Geophysicist, Gulf 
Research & Development Co., P. O. Box 1242, 
Lourenco Marques, Mozambique 
Hayes, Quin, Seismic Party Chief, Socony- 
Vacuum Oil Co., Box 945, Dickinson, N. Dak. 
Pirsic, Geratp F., Marine Geophysicist, Shell 
Oil Co., P. O. Box 193, New Orleans, La. 


notify the Business Manager at 624 S. Cheyenne, Tulsa, Oklahoma. 


AuTrREY, CHARLES B., United Geophysical Corp., 
501 Crockett St., West Orange, Tex. 

*BaRNETT, ROBERT BiakE, United Geophysical 
Corp., P. O. Box 211, Franklin, La. 

Barron, C. E., Shell Oil Company, 1811 Pryor 
Lane, Billings, Mont. 

*BEALL, EpwarD W., Delta Exploration Co., 
822 Canal St., Houma, La. 

*BECKER, ROBERT C., Geophysical Service Inc., 
2317 Broadway, Galveston, Tex. 

Bett, Gorpon R., Western Gulf Oil Co., 2405 
Thompson Blvd., Ventura, Calif. 

BiunpuN, GEORGE J., Northwest Seismic Sur- 
veys Ltd., 1910—1 2th Ave. W., Calgary, Alta., 
Canada 

BropinE, Rosert V., Gulf Research & Develop- 
ment Co., P. O. Box 2038, Pittsburgh 30, Pa. 

*BRUNSON, RICHARD E., 2204 Blue Bonnett Dr., 
Port Arthur, Tex. 

*BuTo, GEORGE, 1333 West 37th St., Los An- 
geles 7, Calif. 

*Cotter, Horace Donovan, Jr., Robert H. 


* ASSOCIATE MEMBER 
# StupDENT MEMBER 


Ray Co., 2500 Bolsover Road, Houston s, 
Tex. 

Daty, W. W., Latin American Exploration Co., 
Ave. Juarez No. 117—Desp. 101, Mexico City, 
Mexico 

*Davis, RoBert M., Box 890, Bowman, N. D. 

*DikerR, SALAHI, M. T. A. Enstitusu, Ankara, 
Turkey 

*DINSTEL, WooprRow L., Geophysical Section, 
Continental Oil Co., Ponca City, Okla. 

*EcKkert, STACEY EvuGENE, Jr., General De- 
livery, Elij, Nev. 

*EVERNDEN, JACK F., 2319 Glen Ave., Berkeley, 
Calif. 

Fow.xes, CHartes WYLIE, Continental Oil Co., 
Geophysical Section, Ponca City, Okla. 

#FuLiteR, EvGene T., 480 North Circuit Dr., 
Beaumont, Tex. 

*GEeRMAN, MatuiAs GEORGE, Geophysical Serv- 
ice Inc., 5900 Lemmon Ave., Dallas 9, Tex. 
GouLp, Martin J., The Shamrock, Main at 

Bellaire, Suite 1502-4, Houston, Tex. 
*GranT, Haroxp G., Oil Exploration, Inc., P. 0. 
Box 205, Yuma, Colo. 
*HacEeMANN, R. F., Box 2831, Beaumont, Tex. 
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*Haxw, Kuauira Arir, c/o Husky Oil & Refin- 
ing Ltd. Lloydminster, Sask., Canada 

Hatt, Rospert A., 2505 Lomita Verde, Bakers- 
field, Calif. 

*HARBISON, REGINALD N., General Delivery, 
Lafayette, La. 

*Heyinc, LorENcE J., Sohio Pet. Corp., 2030 
Brun St., Houston, Tex. 

*Hoitmes, R., Campus Station, So- 
corro, N. M. 

*Hurr, ALLAN L., 112 NE 7th Ave., Mineral 
Wells, Tex. 

Hucus, Joun A., Apt. #27, 5440 sth Ave., 
Pittsburgh, Pa. 

*JOHNSON, MaRNn M., Shell Oil Co., 4437 Clay, 
Houston, Tex. 

*Kent, Rosert F., c/o Humble Oil & Refg. Co., 
Jennings, La. 

Kinsey, E. R., Geophysical Service Int’] Corp. 
706 Ninth Ave., Calgary, Alta., Canada 

#Kircuen, James H., Gulf Oil Corp., Box 661, 
Tulsa 2, Okla. 

*LaTIMER, Royce REA 

LeMASTER, R. R., Box 818, Edna, Tex. 

LEVENTHAL, STANLEY M., Geophysical Service 
Inc., 3225 Colonial, Dallas, Tex. 

LONGPHEE, GEORGE EDMOND, Sub-surface Ex- 
ploration Ltd., 81:8——8th Ave., West Calgary, 
Alta., Canada 

*McCuLLaGH, JOHN, Hercules Powder Co., 
5231 Chespeake Way, Houston 19, Tex. 

MERCIER, VINCENT J. 1570 Gentry Dr., Wichita 
14, Kan. 

*MitFrorD, Ricwarp D., Continental Oil Co., 
1114 E. Virginia Ave., McKinney, Tex. 

*Mrx, Leo R., General Delivery, Wolf Point, 
Mont. 

Moore, James A., go4 City National Bank 
Bldg., Houston, Tex. 

*NICHOL, FREDERICK D., Petroleum Geophysical 
Co., Box 228, Torrington, Wyo. 
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*OAKLEY, WILLIAM M., Stanolind Oil & Gas Co., 
1038 Lewis, Billings, Mont. 

*Oram, PETER M., c/o The Texas Co., P. O. Box 
746, Minot, N. Dak. 

*Puitiips, JONATHAN W., 2510 N. McGregor 
Dr., Houston, Tex. 

*PoLLArD, GLEN R., Rogers Geophysical Co., 
3616 West Alabama, Houston, Tex. 

REEL, Ceciz E., The Superior Oil Co., Midland, 
Tex. 

REyBourw, C. K., Geophysical Service Inc., P. O. 
Box 951, Los Banos, Calif. 

*ROLLER, JOHN C., Box 1509, Midland, Tex. 

E., Jr., Box 67, Rapid City 
AFB, Weaver, S. Dak. 

Ruscont, Eucene, Geophysical Service Inc., 
5900 Lemmon Ave., Dallas 9, Tex. 

Sat, Donatp J., Geo-Explorers, Ltd., 144—8th 
St., Noranda, Quebec, Canada. 

*SANCHEZ, ABELINO B., 2017 Ave. I, Galveston, 
Tex. 

*SHouPE, Hat W., 1105—14th St. West., Cal- 
gary, Alta., Canada 

*SLEDGE, THomas Geophysical Service 
Inc., 5900 Lemmon Ave., Dallas 9, Tex. 

Smitu, W. N. M, Schaeffer Geophysical Co., 523 
West 4th St., Tulsa, Okla. 

STAFFORD, JOHN A., Century Geophysical Corp., 
1016 S. Vince, Pasadena, Tex. 

*STEELE, RussELt E., Box 1051, Greeley, Colo. 

*StuarT, Cartton E., Geophysical Service 
International, S. A., 5900 Lemmon Ave., 
Dallas 9, Tex. 

TROMBLA, Lynn B., 2320 E. Central, Wichita, 
Kan. 

#TROSETH, FRANK P., 1005 W. Texas, Midland, 
Tex. 

WuirtE, JAMEs E., 4231 Ridge Rd., Dallas, Tex. 

Wittiams, Fioyp J., Rt. 1, Box 1018, Dallas, 
Tex. 

#Yazici, E., Maden Tetkik, Ankara, Turkey 


ROCKY MOUNTAIN SECTION REGIONAL MEETING 
AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 


FEBRUARY 14-16, 1955 
MONTANA 


“Milestones and Guideposts in Exploration” will be the theme of the 5th Annual Regional Con- 
vention of the Rocky Mountain Section of the American Association of Petroleum Geologists to be 
held in Billings, Montana, February 14-16, 1955. Host for this meeting will be the Billings Geological 


Society. 
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Technical papers on specific exploration and development programs will be presented by speakers 
from the industry in all member states of the Rocky Mountain section and Canada. The technical 
sessions will be held in the Fox Theater, two blocks north of the Northern Hotel, exhibition and 


registration headquarters for the convention. 


ALASKA PETROLEUM RESERVE DATA 
TO BE MADE AVAILABLE BY NAVY 


The Office of Naval Petroleum Reserves, Department of the Navy, has announced that all 
well records and geophysical data relating to oil explorations in Naval Petroleum Reserve No. 4, 
located in the vast sedimentary basin lying north of the Brooks Range in northern Alaska, would be 
available for public inspection and study beginning September 20, 1954 in the offices of the Geolog- 
ical Survey, Washington, D. C., Room 2643, Interior Building, and in the Office of the Inspector, 
Naval Petroleum Reserve No. 4, Fairbanks, Alaska. 

- This notice supplements that of the Department of the Interior on May 10, 1954, setting up 
open files in the above offices which made available for public inspection geologic reports, geologic 
maps, and similar technical data compiled by the Survey in connection with the Navy’s exploration. 

All of the area in northern Alaska north of the Brooks Range drainage divide was withdrawn 
from public entry by Public Land Order 82. 

The task: of publishing all information obtained by the Navy during the 10 years spent exploring 
for oil north of the Arctic Circle in Alaska has been undertaken by the Geological Survey. Initial 
publications describing some phases of the work are expected to be available in 1955. 

The making available of additional technical data on the exploration at this time has been de- 


clared by the Navy to be in the public interest. 


CALENDAR OF MEETINGS 


Joint AAPG-SEPM-SEG Meeting, Hotel Statler, New York City, March 28-31, 1955 

Permian Basin Geophysical Society Annual Meeting, Scharbauer Hotel, Midland, Texas, May 14, 
1955 

Tenth Annual Gulf Coast Meeting, San Antonio, Texas, May 19-20, 1955 

Twenty-Fifth Annual Meeting, SEG, Shirley-Savoy Hotel, Denver, Colorado, October 3-6, 1955 

Twenty-Sixth Annual Meeting, SEG, Roosevelt Hotel, New Orleans, La., October 29-31, Novem- 


ber 1, 1956. 
Twenty-Seventh Annual Meeting, SEG, The Conrad Hilton, Dallas, Texas, November 10-13, 1957. 


JOINT MEETING OF THE AAPG-SEG-SEPM, NEW YORK, N. Y., 
MARCH 28-31, 1955 


GENERAL ANNOUNCEMENT 


The joint meeting of AAPG-SEG-SEPM will convene at the Hotel Statler, New York City, New 
York, March 28-31, 1955. The three professional societies represent the exploration branch of the 
iH petroleum industry and each will present three days of technical papers of interest to its membership. 
-1e SEG technical sessions will begin in the Main Ballroom of the Hotel Statler at 9:00 A.M. 
. Monday, arch 28, and will move to the Georgian Room for the afternoon session. Papers of general 
; interest will be presented at these two sessions for the benefit of all three societies’ memberships. 

: Tuesday morning the three societies will meet together for the presidential addresses and honors 


and awards presentations. 
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The AAPG has arranged a field trip to Lamont Geological Observatory, where many interesting 
geophysical research problems are under study. 

The Annual Dinner Dance is scheduled this year for Wednesday night and will feature the show 
from Broadway’s famous Latin Quarter. 

An extremely interesting program of technical papers is scheduled in an equally interesting loca- 
tion. The New York committees, under the general chairmanship of G. M. Knebel, have arranged for 
the first meeting on the East Coast to be a memorable one. 


TENTATIVE TECHNICAL PROGRAM 
MONDAY MORNING, MARCH 28, 1955 
Papers of Interest to Geologists 


. Roy L. Lay, “Welcome” 

. Leo R. Newfarmer, “Present Day Frontiers of Oil Exploration” 

. Sigmund Hammer, “Geophysical Activity in 1954” 

. Fred J. Agnich and Clifford Flittie, “Seismic Exploration in Arabia” 

. H. P. Laubscher, “Structural and Seismic Deformations Along Faults in Eastern Venezuela” 

. Thomas J. O’Donnell, “Planning a Geophysical Program for an Unexplored Basin” 

. G. Lynn Shurbet, J. Lamar Worzel and Maurice Ewing, “Gravity Measurements at Sea, Part IT 
Southern Part of East Coast of U.S.” 

. J. Laurence Kulp and Wallace R. Broecker, “Recent Developments in C“ Dating” 


MONDAY AFTERNOON, MARCH 28, 1955 
Papers of Interest to Geologists—Continued 


. Maurice Ewing and Edward Titus Miller, “Geomagnetic Measurements in the Gulf of Mexico” 

. A. P. Crary, “Some Unique Features of Seismic Operations on Arctic Ice” 

. J. Tuzo Wilson, “‘A Structural Analysis of the Major Ranges, Fracture Systems and Basins of the 
Cordilleran and Appalachian Systems” 

. Author to be Announced, “The Economics of Geophysical Exploration in the Gulf of Mexico” 

. Leo A. Markley, “Geophysical Case History of Grand Isle Field” 

. Robert C. Stone, “Geophysical Case History of Sharon Ridge Canyon Field” 

. R. W. Mossman, “Interpretation of a Geophysical Prospect” 


TUESDAY MORNING, MARCH 20, 1955 
Joint Session—Honors and Awards, Presidential Addresses, etc. 


TUESDAY AFTERNOON, MARCH 20, 1955 
Mining Geophysics Papers 
1. Thomas R. Shugart, “Problems of Uranium Exploration” 

. R. A. Broding and Ben F. Rummerfield, “Simultaneous Gamma Ray and Resistivity Logging as 
Applied to Uranium Exploration” 

. L. C. Pakiser and R. E. Warrick, “The Shallow Reflection Seismograph in Mining, Engineering 
and Ground-Water Investigations” 

. Kenneth E. Burg, “Applications of High Frequency Seismic Recording” 

- Roland G. Henderson and Isidore Zietz, “The Graphical Caiculation of Total-Intensity Anoma- 
lies of Three-Dimensional Bodies” 
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Lead Deposits in Northern Rhodesia” 


Geological Applications” 


: and Porous Media” 


w 


Anomalies” 


5 

6 

7. Carl H. Savit, “The Moveout Filter” 

8. J. P. Woods, “The Composition of Reflections” 


EDUCATIONAL EXHIBITS 


the Hotel Statler, New York, March 28 through 31, 1955. 


. Hans Lundberg, “Results of Airborne Radioactive, Electromagnetic and Magnetic Surveys” 


WEDNESDAY MORNING, MARCH 30, 1955 
Geophysical Logging and Seismic Velocity Papers 
. H. R. Breck, S. W. Schoellhorn and H. M. Thralls, “Acoustic Logging and Its Geophysical and 


WEDNESDAY AFTERNOON, MARCH 30, 1955 
New Geophysical Methods and Geophysical Research Papers 
. R. L. Palmer, “A New Seismic Technique and Results to Date” 


2. Jack Oliver, Frank Press and Maurice Ewing, “Seismic Model Studies” 
. V. Baranov, “A New Method of Interpretation of Aeromagnetic Maps: Pseudo-Gravimetric 


. Oscar Weiss, “Combined Geological, Geophysical and Geochemical Exploration for Copper and 


; . M.R. J. Wyllie, A. R. Gregory and L. W. Gardner, “Elastic Wave Velocities in Heterogeneous 


. Norman R. Patterson, “Seismic Wave Propagation in Porous Granular Media” 

. F. P. Kokesh, “The Long Interval Method of Measuring Seismic Velocity” 

W. Bailee, ‘The Effect of Topography on Near-Surface Velocities” 

. Louis W. Gardner, “The Treatment of Lateral Velocity Variations in Seismic Interpretations” 
. P. F. Southwick, K. S. Spiegler, and M. R. J. Wyllie, “The Application of a Three Component 
Model to the S.P. and Resistivity Phenomena Evinced by Dirty Sands” 


. F. A. Collins and C. C. Lee, “Seismic Wave Attenuation Characteristics from Pulse Experiments” 


. Paul Farren and Vining T. Reynolds, “The Reynolds Plotter” 
. Hal J. Jones, “Seismic Applications of Some New Filtering Techniques” 


Arrangements are being made for the display of educational exhibits at the annual meeting of 
the American Association of Petroleum Geologists and the Society of Exploration Geophysicists in 


i A generous amount of space has been reserved for exhibits by colleges, universities, professional 
: societies, geological surveys, and similar non-commercial organizations. 
= Those considering the preparation of educational or scientific exhibits are advised to commun- 
icate with the Chairman of the Educational Exhibits Committee before December 15, 1954. 


Pavut F. Kerr, Chairman 
Educational Exhibits Committee 
for New York Convention 
Columbia University 
Department of Geology 
New York 27, New York 
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STUDENT EMPLOYMENT INTERVIEW CENTER 


A Student Employment Interview Center will be in operation in the Skytop of the Statler Hotel 
during the New York meeting, March 28, 29, 30 and 31. Students seeking employment in geology, 
geophysics, or paleontology may avail themselves of this service by filling out interview forms and 
arranging schedules at the Center. 

A letter describing the employment service is being sent to oil, geophysical, and service companies, 
state and federal surveys, and to colleges offering courses in geology, geophysics, and paleontology. 
Information for posting on college bulletin boards is also being supplied. 

The committee feels the employment service will be particularly useful this year because of the 
large number of eastern colleges not regularly visited by employers’ representatives. Prospective 
employers who wish to participate should contact John C. Maxwell, Chairman, Student Employ- 
ment Committee, 1955 Convention, Dept. of Geology, Princeton University, Princeton, New Jersey 


PERSONAL ITEMS 


SicMUND Hammer, head of the gravity interpretation section, Gulf Research & Development Co., 
and a past president of the SEG, will present a paper at the Fourth World Petroleum Congress in 
Rome next June. 


MaAynarp P. Jongs has returned to an active status in domestic operaticns for Exploration Seis- 
mic Inc. as Vice-President in charge of domestic operations. In this capacity he will supervise the firm’s 
operations seismic crews and will engage in augmenting the research and interpretative staff of the 
company. 


H. R. THornsureH, regional geophysicist for Shell Oil Co., Pasadena, California, received the 
company’s diamond-set service emblem and a gold watch when he completed 25 years of service last 
summer. 


D. T. Germarn-Jones is chief geophysicist of Anglo-Iranian Oil Co., Ltd., Beaufort House, 
Gravel Lane, London, E. 1, England. 


Cuar.es H. Hurray is now seismic sales engineer for Houston Technical Laboratories. 


Establishment of a new geophysical office for Stanolind Oil and Gas Company at Jackson, Mis- 
sissippi, has been announced. The office will be located on the 14th floor of the Standard Life Building 
in Jackson, where Stanolind also has a district exploration office for land and geological operations. 
The geophysical group will number 19 persons, bringing to 47 the total number of Stanolind explora- 
tion department employees headquartered in Jackson. D. W. Ratuirr, field seismograph supervisor, 
will be in charge of both the Jackson and Oklahoma City geophysical offices. His headquarters will 
continue to be in Oklahoma City. 


Operational headquarters of Geomarine Service International, Inc., offshore exploration division 
of GSI, moved from Dallas to New Orleans September 7, 1954. Office address in New Orleans will be 
512 Carondelet Bldg. Nem W. MANN has been made manager of Geomarine, replacing Curtis H. 
Jounson. Johnson has been transferred to Holland as resident director of Geophysical Service 
(Nederland) N. V. Mann has held the position of assistant manager in the Geomarine Dallas Office 
for the past year. 


Establishment of a new geophysical office for Stanolind Oil and Gas Company at Denver, Colo- 
rado, has been announced. G. L. Exxis, field seismograph supervisor, will be in charge of both the 
Denver and Casper geophysical offices. His headquarters will continue to be in Casper. 
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H. A. Sears, President of Electrotechnical Labs., Inc., announces the creation of a research and 
development division under direction of Dr. R. W. Lonc with additional new personnel in E. L. 
Octessy, P. C. Sunpt, R. T. Roacu, F. Reynoxps, S. Hatcuu. Laboratory facilities are at 522 
Waugh Drive, Houston, Texas. 

Stanolind Oil and Gas Company’s district exploration office at Tyler, Texas has been augmented 
by a geophysical staff. The transfer of Jack L. Mataya, staff geophysicist, and Jack W. EsTEs, inter- 
mediate geophysicist, from Lubbock to the Tyler office, located in the Fair Building, will bring to 
thirty the total number of Stanolind exploration department employees in Tyler. 

In Stanolind’s North Texas-New Mexico Division there are, in addition to the Tyler office, geo- 
physical offices in Abilene, Lubbock, and Midland, Texas, and Roswell, New Mexico. J. D. Novotny, 
field seismograph supervisor, will be in charge of the geophysical office at Tyler as well as the other 
four geophysical offices. His headquarters will continue to be in Lubbock. 


Rosert C. Herron has transferred from Gulf Research & Development Co. at Pittsburgh, Pa. 
to Gulf Oil Corporation, Box 1290, Fort Worth, Texas. His present title is assistant division geophys- 
ical supervisor. 

Cuar.es E, GREENER has resigned from Sun Oil Company to join Texas Petroleum Company in 
Caracas, Venezuela as a geophysicist. 

S. T. Fre has resigned as Oklahoma division manager for William Ross Cabeen & Associates to 
open an office as an exploration consultant at 217 Braniff Building, Oklahoma City, Okla. 

Join L. Fercuson is now Vice-President and manager of exploration for Buffalo Oil Company, 
First National Building, Tulsa, Okla. 

Joun W. Enicxson, formerly with Chemical & Geological Lab., Inc., Casper, is now a geologist 
with the Gulf Oil Corporation, Box 1971, Casper, Wyoming. 

Lynn D. Ervin has joined Geophysical Consultants, Inc. as Vice-President. He was formerly 
division geophysical supervisor for Stanolind Oil & Gas Company. 

M. W. Harpine, United Geophysical Corp., Box M., Pasadena 15, California, has duplicate cop- 
ies of Gzoprysics, Vol. II, No. 4 (October, 1937) and Vol. XII, No. 3 (July, 1947), one of which he 
would like to trade for a copy of Vol. XIII, No. 1 (January, 1948). 


TWO SCHOLARSHIPS IN GEOPHYSICS, of $300 each, have been given to the University of Houston 
by Sohio Petroleum Company. The first awards were to be made during the 1954 fall term. 


STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIRCULATION, ETC UIRED BY THE ACTS 
OF CONGRESS OF AUGUST 24, 1912, AND MARCH 3, 1933 of GEOPHYSICS, pa pub! quarterly at Men- 
asha, Wisconsin for January 1955. 


State of Oklahoma mia bes, 

County of Tulsa 
Bef ‘ ys Public in and for the State and Colin C. Campbell, 
‘ore me, a in and for the and county aforesaid, personally cole 


who, having been duly sworn according to law, de and says that he is the Business 
and that the following is, to the best of his knowledge and belief, a true statement of the ownership, management 
peel if a daily paper, the circulation), etc., of the aforesaid aid publication for the date shown in the above caption, 

uired by the Act of August 24, 1912, as amended by the Act of March 3, 1933, embodied in section 537, Postal 
fom and Regulations printed on the reverse of this form, to wit: 

1. That the names and addresses of the publisher, editor, managing editor, and business managers are: Pub- 
lisher, Society of Exploration Geophysicists, 624 S. Cheyenne, Tulsa, Oklahoma; Editor, Milton B. Dobrin, Box 
900, Dallas 1, Texas; Business Manager, Colin C. Campbell, 624 S. Cheyenne, Tulsa, Oklahoma. 

2. That the owner is: Society of Exploration Geophysicists, 624 S. Cheyenne, Tulsa, Oklah 

3. That the known bondholders, mortgagees, and other security holders owning or holding : po cent of more 
of total amount of bonds, mortgages, or other securities are: None 

4. That t the two paragraphs next above, civing the names of the cemeve, evockholders, and security holders, if 
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any, contain not only the list of stockholders and security holders as they appear upon the books of the company 
but also, in cases where the stockholder or security holder appears upon the books of the company as trustee or in 
any other fiduciary relation, the name of the person or corporation for whom such trustee is acting, is given; also 
that the said two paragraphs contain statements embracing affiant’s full knowledge and belief as to the circum- 
stances and conditions under which stockholders and security holders who do not appear upon the books of = 
company as trustees, hold stock and securities in a capacity other than that of a bona fide owner; and this 
has no reason to believe that any other person, presto poy cm or corporation has any interest direct or indirect in 
said stone bonds, or other securities than as so stated by 

. That the average number of copies of each issue of a publication sold or distributed, through the mails or 
outeertiian to paid subscribers d the twelve months preceding the date shown above is 


(This information is required from ly publications only.) 
COLIN C. CAMPBELL (Signed) 
Sworn to and subscribed before me this 30th day of September, 1954. 
{SEAL} EUNA W. ROGERS (Signed 


(My commission expires November 22, 19<4. 
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This newest member of the seismic team 
makes one shot do the work of many 


Already in use by ten major oil 
exploration companies, the new Ampex 
700 Magnetic Tape Seismic Recorder 

is becoming an important member of the 
geologist-geophysicist team. With 

this rugged, compact instrument you can 
now record all geophone data in 
broad-band ‘“‘live’’ electrical form . . . 
then play it back repeatedly through 
many analytical processes until sharp 
reflection ‘line-ups’ appear. Thus, you 
easily obtain from one shot . . . or from 
one multiple-shot pattern, results 
comparable to any number of repeat 
shots by conventional techniques. 


The Ampex 700 adapts an F-M 
carrier to give you exceedingly 
ia high instantaneous accuracy of 
all recorded data. Tape records 
have negligible phase shift and 
near-perfect time alignment. Result: 
you can now get 24-trace 
seismograms of consistently im- 
proved quality from difficult 
exploration areas. 


HERE’S WHAT THE AMPEX 700 CAN DO FOR YOU 

@ Reduce field guesswork — practically eliminates filter-and-mix 
decisions prior to firing. 

e@ Save field time (and money) — reduces the number of re-drillings, 
re-shootings and extra preparations. 

e@ Recover more information — doesn't favor any one depth; records 
all depths with highest fidelity. 

e@ Speed up interpretation — data can be rapidly compounded and 
correlated with electrical scanning devices. 

e Make “new” discoveries possible — old data can be re-worked 
years later in the light of new geological interests. 


Write Today For Descriptive Bulletin, Dept. I—1898 
Complete information with seismograms and design specifications on this newest 
advance in seismic instrumentation is available. 


BRANCH OFFICES: New York, Chicago, Atlanta, San Francisco, and College Park, 


Maryland (Washington, D.C., area) 

DISTRIBUTORS: Radio Shack, Boston; Bing Crosby Enterprises, Los Angeles; South- 
western Engineering & Equipment, Dallas and Houston; Canadian General Electric 
Company in Caneda 


CORPORATION | 934 Charter Street, Redwood City, California 
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The Worden Gravity Meter 


it’s portable. Weighs only 54% pounds. 
Packed in a carrying case, with base plate 
attached, the Worden Gravity Meter 
weighs only 12 pounds. Its ruggedness 
and light weight make it perfectly 
adaptable to operations by jeep, helicopter, 
truck, canoe, on horseback, snowshoes, 
or on foot, in areas not readily accessible 
to battery-heated instruments. 


it’s dependable. Essential elements are 
all of non-magnetic elastic quartz — self 
compensating against temperature 
changes. The Worden Meter may be 
universally compensated which automatic- 
ally adjusts the action of the device 

for all latitudes. 


it’s accurate. Reading accuracy to 0.01 -. = 
milligals. Linear throughout range of 
750 divisions. Worden Meters are for sale or lease. 


In your fight for accurate, depend- 
able surveys, insist on the 
Worden Gravity Meter. 
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WE KNOW WHERE YOU’RE GOING 


At sea our crews, using the full measure of their expe- 
tience, are backed up by our modern equipment and 
the most advanced electronic procedures for navigation 
tnd piloting. The many years of off-shore experience 
which they have logged is matched by the caliber of 
men who interpret and review your data on the shore. 
We are today presenting our clients with clear, accurate, 
tnd complete data on which they can base their de- 
sions. We should like to send you a complete resume 
f our off-shore experience along with a description of 
ur ships and Advanced techniques. 


ADVANCED EXPLORATION COMPANY, 3732 Westheimer Road, Houston, Texas 
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AVAILABLE PUBLICATIONS OF 


The American Association 
of Petroleum Geologists 


Directory of Geological Material in North America. By J. V. Howell and 
A. I. Levorsen. 112 pp. Pt. II, Aug. 1946, Bull. 5.5 x 8.5 in es, Paper 1.00 
Comprehensive Index of the Publications of the A.A.P.G., 1917-1945. Com- 


piled 4 Daisy Winifred Heath. 603 pp. 6.75 x 9.50 inches. Cloth. To mem- 
4.00 


Structure of Typical American Oil Fields. Vol. III. McCoy Memorial Vol- 
ume. 24 papers. 516 pp. 219 illus. Cloth. To members, $3.50 ............. -» 4.50 


Appalachian Basin Ordovician Symposium. From August, 1948, Bulletin. 
264 pp. 72 illus. 6 x 9 inches. Cloth. To members, $1.50 ....... ervcanwans -» 2.00 


Possible Future Oil Provinces of the United States and Canada. 4th 
printing. From August, 1941, Bulletin. 154 pp., 83 figs. 6 x 9 inches. Paper. 
To members, $1.00 1.50 


Problems of Petroleum Geolo Originally published, 1934. 
papers. 1,073 pp. 200 illus. 5.7 x 875 inches. Cloth. To members, $4.00 .. 5.00 


Structure of Typical American Oil Fields. Vols. I and II. S gpl - 
Relation of Oil Accumulation to Structure. 3d printing. Oni _. 
lished, 1929. Vol. I: 510 pp., 190 illus., 6 x 9 inches, cloth, — 

pP., 235 illus., 6 x 9 inches, cloth, $4.00. Two volumes 


Possible Future Petroleum Provinces of North America. nasil February, 
1951, Bulletin. 360 pp., 153 figs. 6 x 9 inches. Cloth. To members, $2.50 .. 


Tectonic Map of the United States, 4th printing. tom ¥ pblishe, 
1944, Prepared under direction of National Research mmittee 
on Tectonics, Div. Geology and Gocgraty y. Scale, 1 ge M40 miles. 7 
colors. 2 sheets, each 40 x 50 inches. Folded, "$2.00. 


of Films and Slides of Possible Interest to (2d 
Compiled under direction of Committee on Applications o ey 
pp. 8.5 x 11 inches. Paper 


Geology of California (1933). By R. D. Reed. 355 26 rte 
Structural Evolution of Southern California Cine Be R. D. Reed and 
J. S. Hollister. 157 pp., 57 figs., 14 photographs, 9-color tectonic map. Both 
offset reprinted. 5.5 x 8.5 inches. Clothbound together ............ dicccuane 


Western Canada Sedimentary Basin. Symposium, edited by Leslie M. Clark. 


13 papers are new, 17 reprinted from the Bulletin of last 4 years, most of 
which have been revised. Cloth. To members, $5.00 ...... 


Geological Cross Section of Paleozoic Rocks: Central Mississippi to North- 
ern Michigan. Prepared under auspices of Geologic Names and Correla- 
tions Committee. 5 cross sections, vertical scale 500 feet to the inch. 29 
pp. of explanatory text, index. 8 x 10 inches. Pressboard, — folded - 
To members, $2.00 


Bulletin of The American Association of Petroleum Geologists. Official aul 
publication. Each number, approximately 150 pages of articles, maps, dis- 
cussions, reviews. Annual subscription, $18.00 (outside United States, 
$19.00). Descriptive price list of back numbers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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Steadfast in purpose 


The ways of the old West were wild. In the 1860's there was 
no telegraph or railroad west of Missouri and nearly a month 
was required for communication to reach California. A more 
rapid exchange of news became a national necessity and as a 
solution the Pony Express was organized to carry the mail. And 
a great team it proved to be. Braving accurate Indian arrows, 
hazardous terrain and treacherous weather, the intrepid riders 
of the Pony Express wouldn't be stopped. They remained stead- 
fast in their purpose to establish for the first time a seven-day 
mail run from the Mississippi River to the Pacific Coast. Mainte- 
nance of that schedule was truly a tribute to teamwork which 
won a fame for the Pony Express that time has not diminished. 


Teamwork still has its place . . . especially in geophysical 
exploration. That’s why General’s capable crews, qualified by 
training and experience, have been able to help many operators 
locate conditions favorable to finding new oil reserves by accu- 
rately compiling and interpreting seismograph data. So when 
you plan to explore new areas and deeper horizons, let Gen- 
eral’s crews team up to help you. 


WHEN YOUR CONTRACT IS WITH GENERAL, THE PERCENTAGE FOR SUCCESSFUL 
EXPLORATION IS IN YOUR FAVOR. 
A company wholly owned by its operating personnel 
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> 
An easily read, clearly illustrated text on 


Modern Geophysical Techniques 


EXPLORATION GEOPHYSICS 


by J. J. Jakosky, Sc. D. 


In 1200 pages and with 707 Thirteen fact-packed chapters 
illustrations, the 1950 revised fully cover all contemporary 
Exploration Geophysics methods; plus permit, trespass 
covers the entire field of and insurance problems. A 
basic textbook for every 
peal and clearly written by geologist, geophysicist, engi- 
an internationally known geo- eer and physicist concerned 
physicist, in close collabora- With exploration, well logging 
tion with 39 other leading and production. Adopted by 

authorities. many leading universities. 


- FREE EXAMINATION ------------------- 


Send your money order or check for $i%.50 for a copy of Exploration Geophysics on 
5-day approval. If you are not fully satisfied, merely return the book in its original 
condition and your money will be promptly refunded. 

TRIJA PUBLISHING COMPANY, TRIJA BUILDING, LOS ANGELES 24, CALIFORNIA 


' 
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THE GEOPHYSICAL SOCIETY TULSA 


announces the publication of 


THE PROCEEDINGS OF THE GEOPHYSICAL SOCIETY 
OF TULSA 
Vol. I (Joseph A. Sharpe Memorial ) 
This publication will be of interest to all geophysicists. In addition to reporting on the 
activities of the Tulsa society for the 1952-1953 period of meetings, the volume con- 
tains several original papers having a wealth of experimental data on the magnetic 
susceptibility and density of rocks. 


Price $2.00 Plus Postage 


Address: 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
624 S. Cheyenne 
Tulsa, Oklahoma 
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EUROPEAN ASSOCIATION 
OF 


EXPLORATION GEOPHYSICISTS 


The E.A.E.G. was founded in December 1951 


The aims of the Association are to promote the science of exploration geophysics by 
establishing contacts and encouraging co-operation and fellowship between geo- 
physicists in Europe and elsewhere and by disseminating knowledge of the science 
through the agency of regular meetings and the publication of technical papers. 


MEMBERSHIP 


Active Members pay an annual membership fee of Neth. fis. 15.—, increased by 
Neth. fis. 0.50 collecting charges. In U.S. currency this charge amounts to $4.10. 


Prospective Members. Anybody interested in geophysics can apply for membership 
by sending in an Application Form, duly filled out. Forms will gladly be supplied 
by the Secretary-Treasurer of the E.A.E.G. but may also be obtained through the 
kind assistance of the Business Manager of the S.E.G. 


GEOPHYSICAL PROSPECTING 


Official Journal of the European Association of 
Exploration Geophysicists 


This journal is issued quarterly and contains articles written in English, French or 
German. English, however, is predominant and each article is preceded by an abstract 
in that language. 

Active members receive the journal free of charge. 


The Subscription Rate for non-members is Neth. fis. 22—(U.S. $5.80) per annum. 
Single copies are available at Neth. fis. 6—(U.S. $1.60). These rates include pack- 
ing-and postage and are payable in advance. 


In accordance with the Terms of Affiliation with the Society of Exploration 
Geophysicists, members of that Society may receive the journal for the normal mem- 
bership fee if subscriptions are entered through the Business Manager of the S.E.G. 


A limited quantity of previous issues is still available. 
All communications to be directed fo: 


| THE SECRETARY-TREASURER E.A.E.G. 
30,C.VANBYLANDTLAAN THEHAGUE NETHERLANDS 
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ment of the PSEISMOGRAPH SYSTEM. To meet Less than 1% from 10 te 

these requirements SIE engineets fave Originated an entirely new cycles-per-second at 0.1 volt input. 
“transistorized” AGC circuit whieh provides AGC conc! ‘rom Multigontrol AGC: Independent selection of attack 
microvolt to ONE VOUT input level. New amplifier circuitry and release time-constants for maximum 


and special SIE transformers reduee harmonic distortion to less event resolution, Nine AGC eae! 
than 1%, ‘tions each channel, 


Special conte allow tapid field selection of Gain Control Circuits: nee, Expander, or 
AGC characteristics, mixing method and percentage, and type taneous AGC-Expander operation. 
of record presentation. Hundreds of filter combinations are pro- — Frequency Response: Within 3-db from 5 to 300 


vided. Matching procedures are simpler than ever before . . . cps. Filtering as specified. 

only moments are required to change recording characteristics. e First-Arrivals Unfiltered, > 
The G-22 System is designed for high-production oper- e Individual Channel Paralleling and Testing — 
ation under all conditions from high noise level, multiple shot- Switches. . 

hole areas to “shoot and move” recording. Regardless of the e Anodized Aluminum Construction. 

application, with magnetic or photographic recording media, the e For use with MR-4 Magnetic Recording Sys- 
G-22 provides the ultimate in operating flexibility. tem or RO-22 Photographic Oscillographs. 


now in operation attest te [SIE | 
25 2(SiE] SEISMOGRAPH SYSTEMS jeadership in geophysical instrumentation. 


ELECTRONICS CO. INC. 


| 
Ler ahd s AGC Control Range: Qne-half micr to one volt 
| 


@ HERMETICALLY 
SEALED 


@ BALANCED 
CORE - DOUBLE 
COILS 


VACUUM 
IMPREGNATED 


FULLY SHIELDED 


BRIDGE 
MATCHED 


Standard and special purpose transformers by 
SIE~ the World's Manufacturer of Geo- 


turers of instrumen; 

equipment, and spe 
installations de ; hest level of per- 
formance and depen ty. They have found 
that SIE has the research facilities, the manufac- 
turing equipment, and most important — the 
Experience —to meet their rigorous standards. 
SIE cars answer your transformer and reactor 

problems, too — whether you require 

standard items or special design. 

Wire or write SIE now for brochure 


SOUTHWESTERN INDUSTRIAL ELECTRONICS 


2831 POST OAK ROAD * P. O. BOX 13058 ® HOUSTON 19, T 
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and with 2 
better equipped 


W ith anew and mode ge 
cal “know-how, 
to conduct: 


d by the magnetic surveys: 


Shrevepe't, Lovisians. 


Office 
Service Mark Registered u. Patest 


Please mention GeorHysics when answering advertisers 


e Barret Magnetic Surveys for the rapid and econom 
location and definition of the structural 
Radoil* Surveys for evaluating before drilling 
oil-prod of the structure prospects 
Barret Magnetic Surveys an? Radot eys form 
effective and efficient combination for locating 
oil reserves: Why not pet this moder combination 
to work for your own account? For full information, 
iiliam M. Barret, Inte, Linwood 


« something 


in SEISMIC 
EXPLORATION 


A successful and practical application 
of new techniques using an “integrating 
recorder” in combination with a falling 
weight to give clearer pictures in hard 
to map areas . . . quicker, easier, more 
economical than conventional methods. 


ompany 


Houston, Texas 


1025 S. Shepherd Drive 


ff 
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For Results Use 


RUSKA MAGNETOMETERS 


TEMPERATURE COMPENSATED SYSTEMS WITH SAPPHIRE KNIFE EDGES 
TYPE V—Vertical Magnetic 
Field Balance 


TYPE H—Horizontal Magnetic 
Field Balance 


TYPE VR—Vertical Magnetic 
Recording Balance 


TYPE HR—Horizontal Magnetic 
Recording Balance 


Standard Sensitivity 


10 gamma per scale division— 
visual 


10 gamma per millimeter— 
recorded 


“SCOUT”—A light-weight vertical 
reconnaissance magnetometer 


Standard Sensitivity 
25 gamma per scale division 


Also: HOTCHKISS TYPE SUPERDIP 


A MAGNETOMETER IS ONLY AS GOOD AS THE EXPERIENCE WHICH GOES INTO ITS 
MANUFACTURE: Ruska has been engaged in the design, development and manufacture of 
Magnetometers and other magnetic instruments since 1928. 


THE QUALITY AND COST OF A MAGNETIC SURVEY IS DETERMINED BY THE ACCU- 
RACY, RELIABILITY AND DURABILITY OF THE INSTRUMENT USED: Ruska Mag- 
netometers are built to remain accurate and to stand hard use. Ruska Instrument Corpora- 
tion maintains its own Magnetic Field Station where Magnetometers and Magnetic Observa- 
tory Instruments are calibrated for all parts of the world. 


(Patented or patents pending in all principal countries) 
ASK FOR ILLUSTRATED CATALOG 


R S K INSTRUMENT 
CORPORATION 
4607 MONTROSE BLVD. HOUSTON 6, TEXAS 
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SCALER 
RATEMETER 
SCINTILLATION COUNTER 


OIL 

The “Royal Scintillator” designed and built by 
LABORATORY Precision Radiation Instruments, Inc., is an 
entirely new kind of instrument: an important 
URANIUM advance for detecting uranium deposits as 
well as for laboratory use. Airborne or motor 
vehicle surveys can be conducted with the 
Royal with far better results and greater ease 

of interpretation. 


Superior results are obtainable because the 
Royal is not only a superior type ratemeter 
but is also a scaler. For this reason an exact 
reading can be obtained with an accuracy 
which could not be obtained in a similar 
period of time by a ratemeter alone. 


The extremely fast counting circuit of the 
Royal, together with large crystal, make it 
possible for the Royal to count about 500,000 
counts per minute in a one MR/HR field of 
radiation. This high counting rate gives the 
Royal a much steadier meter rating, making 
possible very small differences in count. 


' Write for complete descriptive information 
and specifications on this new instrument for 
uranium, oil, or laboratory use. 


HARRISON EQUIPMENT COMPANY, ! 


1422 San Jacinto td Houston, Texas 


*Trademark registered by Precision Radiation Instruments, Inc. 
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GLAND 
PACKING 


SUPER SERVICE PISTON 


VALVE 
SILVER TOP 
VALVE 


SUPER SERVICE 
LINER 


ONE PIECE 
SLIM HOLE 
SLIP 


Of MISSION 


EQUIP YOUR DRILLING RIGS WITH THESE 

FAMOUS MISSION PRODUCTS. THEY ARE 

AVAILABLE THROUGH ALL GEOPHYSICAL 
AND OIL FIELD SUPPLY STORES 


Export office: 30 Rockefeller Plaza, New York 
Please mention GropHysics when answering advertisers 
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GAMMA RADIATION 


GRAVIMETRIC 


MAGNETIC 


SURVEYS 
REPORTS 
REVIEWS 


KLAUS 
EXPLORATION CO. 


Phone POrter 2-1551 ° Box 1617 ° Lubbock, Texas 


Please mention GEopHysics when answering advertisers 
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BIG SIZE 


SAVINGS 


SMALL SIZE PUMPS! 


~MacCLATCHIE G 


EOPHYSICAL PUMP PARTS: 


For the fluid end of your small size 
geophysical pumps, here’s a quick line-up 
of MacClatchie replacement parts engi- 
neered to give you maximum dependable 
service under the tough conditions of ex- 
ploration work... 


MacClatchie Type “GS’’ Pump Piston 
—for general field serv- 
ice in all makes and sizes 
of pumps and for all rod 
tapers. Lip design of rub- 
bers allows expansion 
under fluid pressure, in- 

suring leak-proof operation. Piston easily 
renewed by replacing worn rubbers, using 
end plates and center spool over again. 


MacClatchie Type “FR’’ Pump Piston— 
A one-piece piston with no metal to touch 
the liner bore... no end plates... no lock 
rings ...no separate body. The best piston 
available at an economy price ~ made in 
most popular sizes and rod tapers. 


MacClatchie Type “GS’’ Wing Guide 
Valve—Engineered with 
full opening valve seat to 
permit free flow of cut- 
tings, heavy slurries and 
foreign material without 
sticking. Easily disas- 

— sembled to replace worn 
insert by removing single cap screw. 


MacClatchie Type “‘A’’ Center Guide 
Valve — Body has center guide to fit in 
cross-bar type valve seat. Assures a well- 
guided valve, yet is designed to permit 
free fluid flow under all pressures. Insert 
easily changed by removing cap which is 
threaded to valve body. 


MacClatchie Type “A” Wing Guide 
Valve—A quality valve made especially for 
geophysical service where high pressures 
are encountered. Wing guides provide for 
a full-opening valve seat that permits free 
fluid flow at all volumes and pressures. 
Disassembly for insert renewal same as 
for center guide valve. 


MacClatchie Liners and Rods — 
MacClatchie one-piece hardened and 
honed liners are made from steel forgings, 
scientifically heat treated and mirror- 
honed. O.D. is machined for perfect fit. 
Chrome plated liners also available. 


MacClatchie Rods are made in all API 
and manufacturer’s tapers of carburized 
and hardened alloy steel, ground to a 
smooth finish to prevent scoring and cor- 
rosion. Also available chrome plated. 
Furnished complete with rod and jam nut. 


Write for Descriptive Literature 
and Specifications 


MacCLATCHIE MANUFACTURING COMPANY 


A Subsidiary of Grant Oil Tool Co. 
MAIN OFFICE & PLANT: COMPTON, CALIFORNIA 
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... Without an 


Accurate 
Time Base 


Geophysical Exploration 
are Meaningless! 


‘The G-R Type 1100-AP Primary 
Frequency Standard provides stand- 
ard electrical signals ranging from 
one pulse per second to frequencies 
of several million cycles per second 
,». accurate to better than one part 

This Standard can be of consider- _ consists of: 
able aid to those engaged in geo- Type 1101-A Piezo-Electric Oscillator operatin 


from a quartz crystal in a temperature controll 


i j i unit. 
physical pr ospecting. It provides Type 1102-A Multivibrator and Power Supply ine 
an accurate time base against which divides 100-ke signal from crystal oscillator suc- 
# cessively by factors of ten to obtain 100, 10, 1 
seismic echos can be exactly com- and 0.1 ke fundamentals, and harmonics to several 


‘ megacycles; stability of a few parts in 100 mil- 

pared and measured. It is also useful tion is obtained. 
Type 1103-A Syncronometer . . . has 1000-cycl 
for calibrating exploration equip- synchronous motor driven by standard Ike multi 
a . vibrator signal — a microdial contactor calibrate 
ment such as timing and recording in hundredths of a second accurately establishes 


Relay ack, ‘lank Panels and all interconnecting 
- s 
tional methods are needed 1 Gani. Write for more complete information. 
tate the detection and evaluation of the more obscure oil deposits — this 
Frequency Standard can aid in the development of these improved techniques. 
The General-Radio Frequency Standards have evolved during a quarter century 
of G-R leadership in the development and manufacture of precision frequency 


standards and measuring equipment. They are widely used by industrial 
research laboratories, radio and television stations, government agencies and 


the military services. 
oR Manufacturers of Electronic Apparatus for Science and industry 


Since 1915 — 
Admittance Meters * Amplifiers x Coazial Elements 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, USA 
MEW TORK Mar Ave cmicaGo N Seword 5) LOS ANGELES 38 


Pulse Generators % R-L-C Decades #x R-L-C Standards % Unit Instruments % Sound & Vibration 
Meters % Stroboscopes % Null Detectors % Motor Controls % Wave Filters % V-T Voltmeters 
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THE SYMBOL 


ite for Catalog TR-54 which describ 
strates the complete line of Tri 
ectronic and Geophysical Transformer: 
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Engineere 
seismic 
surveys 


6111 MAPLE AVENUE—DALLAS, TEXAS 


R. D. Arnett C. 6. McBurney J. H. Pernell 
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Offshore 
Oil Exploration 


XPLOSIVES 
RESEARCH 
PAYS OFF 


A The science of generating and record- 
} ing vibrations under water calls for ex- 
plosives research of the highest order. 
or offshore seismic explorations, where 
afety is of utmost importance, Hercules 
as developed a team to do the job: 
ibronite® B, an insensitive nitro-carbo- 
irate blasting agent, and Vibrocap® SR 
etonators, designed to minimize premature 
ring by static electricity and eliminate 
time-lag’? between the rupturing of the 
ridge wire and the detonation of the cap. 
Another important Hercules seismic de- 
lopment is Spiralok®—the rigid dynamite 
artridge assembly that simplifies and speeds 
p the preparation and loading of charges. 
Hercules has been developing and manu- 
icturing specialized types of explosives for 
et forty years, and at the same time build- 
ing up service fa- 
cilities to expedite 
their use in seis- 
mic exploration, 
coal mining, metal 
mining, quarry- 
ing, and construc- 
tion. We welcome 
your inquiries. 


Explosives Department 
IERCULES POWDER COMPANY 


INCORPORATED 


917 King St., Wilmington 99, Delaware 


mingham, Ala.; Chicago, Il].; Duluth, Minn.; 
rueton, Joplin, Mo.; Los Angeles, Cal.; 
tw York, N. Y.; Pittsburgh, Pa.; Salt Lake City, 
i; San Francisco, Cal. 


XR54-4 


use the HTL portable 


seismic system to: 


@ establish near-surface 
velocity control 


@ obtain near-surface 
structural data 


@ supplement core-hole 
information 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 
2424 BRANARD «+ HOUSTON 6 TEXAS. U.S.A. ¢ CABLE: HOULAB 


Please mention GEopHysics when answering advertisers 


GEOPHYSICS the Journal of the Society of Exploration Geophysicists 


here’s a new record for 
near-surface seismic data 


If you're plagued with the problem of 
obtaining accurate near-surface seismic data, 
look carefully at the record illustrated here. 
With first breaks under control in 20 
milliseconds, a reliable reflection was 
obtained at a depth of 232 feet. This record 
is typical of the results obtained by the 

new Houston Technical Laboratories High 
Resolution Seismic System. A major 
development in geophysical prospecting, 

the HTL portable HR System now makes 
possible reliable reflection surveys over 

a depth range of 100-2500 feet. It is 
especially designed for use in petroleum 
exploration, mining, ground water 

location, and civil engineering where shallow 
seismic information is vital. 


WRITE for Technical Bulletin No. $-303 
for additional information about 

how you can now make reliable shallow 
reflection surveys. 
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OIL MEANS PROSPERITY. 
FOR 
MORE 
PEOPLE 


New industries develop... 
more jobs are created... 
salaries and standards of 
living are higher for more 


people. In paving the way 


for new oil discoveries, 
Schlumberger works for ap- 
proximately 4,000 oil com- 
panies and independent 
operators in the course of 
a yeor. There are more 
than 100 Schlumberger serv- 
ice outlets in the United 


States and Canada. 


+eeand Schlumberger means Service 


Schlumberger Well Surveying Corp. © Houston, Texas 
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MID-CONTINENT 


GEOPHYSICAL COMPANY 


CONTINENT 


* Premium personnel 

* Latest type instruments 
%* Newest techniques 

* Intensive supervision 


foatwoetm 


PAUL H. LEDYARD 
J. G. HARRELL 


2509 WEST BERRY 
FORT WORTH 


CEQ pany 
FORT WORTH, TEXAS 
[DMP 
FORT WORTH, TEXAS y take 
fd 


The SIE MR-4 Magnetic Recorder heralds the 
newest advance in seismic techniques . . . automatic 
data-reduction. With seismic information translated 
to electrical signals and permanently stored on 
magnetic tape, a new interpreting medium is open 
to the exploration geophysicist. Records may be 
taken at different charge depths at the same shot- 
point and the stored information integrated electri- 
cally... or series of records from different shot or 
spread locations can be composited and the resolved 
information presented on one record. The combina- 
lions are almost limitless and the advent of a prac- 
tical fic!d recorder, the MR-4, opens this whole field 
of datc-reduction interpretation to the industry. 

Yet the equipment offered by SIE for the per- 
manen: storage of seismic information provides the 
same case of operation and famous dependability 


as conventional systems. Actually, the MR-4 is, in 
many respects, less complex. The magnetic tape can 
be loaded or removed in less than 10 seconds. One 
operating control is used for recording or playback 
functions. The MR-4 with Direct-Viewer (optional) 
presents the record for immediate viewing on a 
fluorescent screen . . . thus establishing the useful- 
ness of the records at the field location. 

Wide-Range, Low Distortion, Operating Sim- 
plicity, and extremely Low Noise-Level are among 
the outstanding characteristics of the MR-4 Magnetic 
Recorder . . . designed to meet the specific require- 
ments of the Seismic Industry by SIE, “The World’s 
Leading Manufacturer of Exploration Seismograph 
Systems.” 


Frequency Range—DC to 500 CPS @ Noise Level — down 56 db from one volt @ Distortion—less than 
1% © Record Length—5 to 5% seconds @ Tape Speed—7% in/sec @ Channels— 28 including timing 
Power Source—12 volts DC @ Dimensions—19% x 19% x 14% @ Weight—115 pounds (with Viewer) 
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RECORDING 
OSCILLOGRAPH 


The new PRO-11-12 Recording Oscillo- 
graph answers the industry demand for 
a compact, light-weight instrument ac- 
cepting 12-inch recording paper. The 
wide paper allows conventional pre- 
sentation of dual records and permits 
wider galvanometer spacing to mini- 
mize “trace cross-over” in all multi- 
channel recording applications. 

This latest addition to the field-proven 
SIE PRO Series is available with up to 
60 SIE Precision Galvanometers and can 
accommodate recording paper sizes 
down to. four inches in width. 

The detachable Record Magazine is 
secured by a new spring-loaded latch, 
and can be removed or replaced with 
one hand. Timing motor operation is 
2 indicated on the front panel. Operating 
vn voltage is indicated by a meter on the 

aS panel. The Galvanometer and Timing 
assemblies are shock-mounted in the 
aluminum chassis which is enclosed in 
a welded aluminum case. 


Specify the PRO-11-12 with your next 
system and take advantage of the in- 
creased dependability and recording 
flexibility of this outstanding SIE de- 
velopment . . . Add the PRO-11-12 to 
your present equipment to convert to 
dual recording. 


SPECIFICATIONS: 


Storage Magazine Capacity: 150’ 

Record Magazine Capacity: 20’ 

Galvanometers: SIE Model S (125 cps) 
or as specified 

Dimensions: 914” x 16” x 15” 

Weight: 49 Ibs. 

Power Source: 12 volts D. C. 


2831 POST OAK ROAD  P. O. BOX 13058 
HOUSTON 19, TEXAS 

434 SEVENTH AVE. EAST © CALGARY, ALTA. 

EDISON 40-1 @ MEXICO, D.F. 
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When you're completing in open hole, and you want to really 
open up the formation for maximum production, then here's 
the gun that really delivers the wallop you want... Lane-Wells 
G-3 KONESHOT GUN — the lightest, safest, most powerful 
gun for shaped:charge perforating in open hole. 

Runs in fast ... upon firing, the G-3 disappears in a blast 
of tiny fragments which can’t choke the hole or interfere with 
later operations. Safest because heat, pressure or well fluids 
cannot short out any shots... a// the charges go off, all the 
gun disintegrates. 

And, man! What penetration! 


General Offices, Export Office, Plant 5610 So. Soto St., Los Angeles 58 


LOS ANGELES - HOUSTON OKLAHOMA CITY + LANE-WELLS CANADIAN CO. IN CANADA + PETRO-TECH SERVICE CO. IN VENEZUELA 
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Mining Geophysicist Wanted 


Mining Company with large exploration program requires Geophysi- 
cist for field research, experience essential. Must be prepared to travel 
anywhere in the United States or Canada. Salary commensurate with 


experience and ability. 


Reply to: 


GEOPHYSICS 
Box M, 624 S. Cheyenne 
Tulsa, Oklahoma 


Complete Trailer Camps 
for your field crew . . . kitch- 
ens, diners, sleepers, showers, 
offices, power plants, water 
tank and gasoline trailers. We 
manage camp for you—pro- 
vide all personnel and sup- 
plies. 
@ Trailer camps. moved to 

new locations. 
@ Special trailers built to your 

specifications. 

Write or call for 
complete information 


ELDER TRAILER 
and BODY, INC. 


1317 Thirteenth St. CHerry 4-4531 
Denver 4, Colorado 


Please mention GEopHysics when answering advertisers 
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Rogers Crews 
GO EVERYWHERE 


And wherever they go, they have 
the equipment and the experience 
to meet any condition of terrain or 
territory, a combination that means 
accurate geophysical records. 

Wherever you plan to explore, 
Rogers’ years of experience in both 
domestic and foreign work gives 
their crews the background to 
handle any assignment successfully. 
For your next geophysical pros- 

ing, remember Rogers for re- 


ompany 


HOUSTON, TEXAS 
A 8 rue de Richelieu 
s, France 


mention 
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New Techniques SEISMIC EXPLORATION 


RECORDER is designed for 
truck mounting, magnetically 
records 28 data channels and 


provides written monitor record. 


REPRODUCER is de- 
signed for field station use, | ra 


Brush Recorder and Reproducer 


These new instruments provide 
a better system for magnetically 
recording, storing and “playing 
back” of geophone signal infor- 
mation. A graphic monitor record 
is provided by a new built-in 
direct-writing oscillograph. In 
addition, the full frequency range 


of the data is available for 


repeated playback to permit 


BRUSH ELECTRONICS 


INDUSTRIAL AND RESEARCH INSTRUMENTS 
PIEZO-ELECTRIC MATERIALS © ACOUSTIC DEVICES 
MAGNETIC RECORDING EQUIPMENT 4 

ULTRASONIC EQUIPMENT | 


analysis of the signal using filters 
or other techniques. 

This equipment eliminates the 
need for photographic apparatus 
in field operation, simplifies and 
improves your analysis of data. 
Get full information now! Brush 
Electronics Company, Dept. X-1, 
3405 Perkins Avenue, Cleveland 
14, Ohio. 


| COMPANY 


formerly 
The Brush Development Co, 
Brush Electronics Company 
is an operating unit of 
Clevite Corporation. 


where data can be ‘‘played 
back’’ as often as desired. 


KEYSTONE 4976 


ERNEST A. P 


2120 KIPLING AVENUE 
HOUSTON. TEXAS 


RATT 


For Geophysical Prospecting 
in Either Air or Water Drilling 


This drill is equipped with a chain pulldown 


A special variable speed hydraulic coupling 
provides any desired pulldown speed and 


gravity feed drilling. This makes the KC-54 


Fran 


205 E. Maine St. 


Enid, Oklahoma MACHINE 


feed mechanism for use in hard formations. 


pressure. A jaw clutch arrangement permits - 


Use FRANKS KC-54 


ideal for shot-hole, core drilling and test 
drilling, having a capacity to 1000 ft., 5” 
hole, using 23%” tool joint drill pipe. All 
chains drives are enclosed in an oil bath 
chain case for long life. All shafts run on 
antifriction ball or roller bearings. 


AIR DRILLING 


Franks KC-54 Drill is especially suited for air drilling. It 
may be equipped with both a mud pump and an air 
compressor as a combination machine, or with only an 
air compressor where it is to be used only for blast hole 
drilling. Customer may specify size and make of standard 
air compressor. 


Write for an illustrated specifications brochure giving 
com —. a about the many features of the 
rill 


Exclusive Export Distributor 
ACME WELL SUPPLY COMPANY 


CO.f 19 rector St., New York City 
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Experienced key personnel coupled 
with equipment of their own design 
and manufacture and carefully main- 
tained, permit Republic’s interpreta- 
tive staff to make more reliable maps. 


Republic now offers you a free map 
of the U.S. showing all major geo- 
logical features. Write Republic Ex- 
ploration, Box 2208, Tulsa, Oklahoma. 


PUBLIC EXPLORATION COMPANY 


TULSA, OKLAHOMA — MIDLAND, TEXAS 


Please mention GrorHysics when answering advertisers 
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PIECES 


ISUPPLIES 


* 


Then have | 
fill your seismic | 
field supplies orders 


SIE offers every Seismic Field Party 
one dependable source for all 
recording supply needs including: 


© Fresh Photographic Supplies 7) 
e Matched Electron Tubes 


© Cable Plugs, Connectors, Clips 
@ Portable Reels 


SIE keeps Recording Crew essentials in stock... 
ready for immediate delivery. If you‘re tired of thumb- 
ing through catalogs, interviewing salesmen, writing 
multiple orders, and then waiting for shipment . 


Call SIE now and let one order do the job. 


2831 POST OAK ROAD e P. 0. BO 
HOUSTON 19, TEXAS 

434 SEVENTH AVE. EAST ©  CALGAR! 

EDISON 40-1 MEXICO, D.f 
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A World-wide 
Independent Organization 


devoting its entire resources 


to the advancement of 


Geophysical Exploration 


netic exploration seismogram synthesis 


re synthetic 


UNITED 


EISMOGRAPH GRAVIMETER MAGNETOMETER Wholly owned 
GAR 0, Box M + 1200 South Marengo Avenue + Pasadena 15, California and operated 
D. f 954 California Street, Denver 2, Colorado +» 1430 North Rice Avenue, Houston, Texas by its 


531 8th Avenue, West, Calgary, Alberta, Canada 


UNITED GEOPHYSICAL COMPANY S. A. 


own management 
partado 1085, Caracas, Venezuela * Rua Urugualana 118-9 Andar, Rio De Janeiro, Brazil ; 


GEOPHYSICAL 
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eee the most versatile 
seismic system available! 


Designed to meet your specific require- 
ments, the Houston Technical Labora- 
tories’ new Model 7000 provides the great- 
est versatility of any seismic system ever 
produced for commercial use. With an 
AGC control range of 1,000,000 to one, 
this compact and portable new HTL 
model is a high gain system (more than 
120 decibels) ideally suited for mag- 
netic recording and other special seismic 
applications. 


as 0.3 microvolt saturate AGC 
(AGC threshold 0.1 microvolt) 


module construction for | ideally suited 
portable or vehicle use for magnetic recording 


dynamic range 


1,000,000 to 1 | input signals as low 


1380 possible 
filter combinations 


linear, time-varied gain, 
or AGC operation 


The HTL Model 7000 gives you unchal- 
lenged superiority in distortion control and 
sensitivity with an input range from 0.1 
microvolt to 0.1 volt between 10 and 200 
cycles with less than 1% harmonic distor- 
tion. Unique filtering flexibility — 1380 
filter combinations — plus advanced two- 
loop Automatic Gain Control add to the 
versatility of this new seismic system. 
AGC speed control on each channel pro- 
vides a choice of three positions — slow, 
medium, or fast. 


built-in complete 


negligible distortion mp 
testing facilities 


up to 0.1 volt input 


three AGC speed positions 
on each channel 


WRITE for HTL Bulletin No. $-304 for more detailed information about this com- 
pletely new development in seismic instrumentation. Model 7000 systems now 


in production and available. 


HOUSTON TECHNICAL LABORATORIES 


A SUBSIDIARY OF TEXAS 


INSTRUMENTS INCORPORATED 


2424 BRANARD HOUSTON 6, TEXAS, U.S.A. CABLE: HOULAB 


Please mention GzopHysics when answering advertisers 


For twenty-three years, SEI has specialized in sub- 
surface studies of the domestic oil provinces . . . from 
Canada to the Gulf. Numerous innovations in instru- 
mentation, interpretation, and field technique have 
kept SEI in the forefront. For example, in difficult 
areas, SEI has been a pioneer in the use of patterns 
of multiple shot holes and geophone arrays. 

Your exploration program is in capable hands at SEI. 


TECHNIQUE 


SEISMIC EXPLORATIONS INCORPORATED 


~* 1007 SOUTH SHEPHERD 2 HOUSTON, TEXAS 
Area Offices: Midland, Texas @ Shreveport, Louisiana © Oklahoma City, Oklahoma @ Billings, Montana 
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th NORTH AMERICAN 


is unequaled for any under water survey because of its 
many operating advantages: 


@ ACCURACY 

@ DEPENDABILITY 

@ SIMPLE AUTOMATIC OPERATION 
@ MINIMUM PERSONNEL 

@ LESS COST PER STATION 


Manufacturers of Geophysical 
Equipment and Precision Apparatus \ 


Please mention GropHysics when answering advertisers 
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There’s a proper balance at RHR! 


No geophysical service company 
is any better than its personnel! 


To this we fully subscribe at 
RHR, and try to maintain a 
proper balance of sage experience 
and youthful enthusiasm. We 
have grizzled veterans who were 
kicking around geophysical prob- 
lems before some of our young 


cubs were born. There is no sub- 
stitute for the wisdom and versa- 
tile experiences of the veterans, 
and yet the cubs contribute much 
with their new theories and 
boundless energy. 


The composite of these two types 
is a highly competent Geophysi- 
cist who is anxious to serve you. 


ROBERT H. RAY CO. 


2500 Bolsover Road * Houston 5, Texas 


ROBERT H, RAY 
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PETTY... 
YEARS 


of world-wide 
Geophysical Experience 
go into 

every job 

we undertake 


GEOPHYSICAL ENGINEERING COMPANY 
= SAN ANTONIO, TEXAS 


SEISMIC e GRAVITY @e MAGNETIC SURVEYS 
Please mention GropHysics when answering advertisers 
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| PRODUCE RESULTS THROUGH EXPERIENCE 3 


XPERIENCE MAP OF SOUTHERN’S 
SUPERVISORY STAFF 


6640 Cam owie Bivd., Fort W ONS 


NO COMPROMISES 


All our maps are compiled with an 
uncompromising determination to 
present the magnetic data literally 
and exactly as observed. This 

one is a product of our million miles 
of air exploration experience. 

We’d like to speed your work, too. 


AERO 


SERVICE CORPORATION 


“PHILADELPHIA 20, PENNSYLVANIA 
Oldest Flying Corporation in the World 


Our affiliate is 
CANADIAN AERO Service, Ltd., Ottawa 


SCINTILLATION COUNTER SURVEYS 
AIRBORNE MAGNETOMETER SURVEYS 
PRECISE AERIAL MOSAICS 
TOPOGRAPHIC MAPS 

PLANIMETRIC MAPS 

RELIEF MODELS 

SHORAN MAPPING 


The new Hawthorne Type 
and DB” Replaceable Blade Insert Rock Bi 


ev Hard Formation Bits to Increase Efficiency of Hawthorne Line 


* Drill harder formations faster 
*% More footage per bit than any comparable rock bit 
% Uses regular “‘Blue Demon” Bit body 
* Blades interchangeable with “Blue Demon” 

and regular pilot blades 


ular ‘Blue Demon” 


Devezopment of the new Hawthorne Type “AC” and “DB” Insert 
Rock Bits has greatly increased the cutting capacity of Hawthorne 
Bits in the harder formations, now making possible faster, more 
efficient drilling in 95% of all formations encountered with Hawthorne 
Bits using interchangeable, replaceable blades. 

Hawthorne’s background of experience in bit design, manufactur- 
ing and field testing has contributed to the development of an insert 
bit which is superior in performance to any similar bit available. 


Tue use of special quality tungsten carbide inserts on cutting su 
provides a bit which will stay sharp while drilling the harder formations. 
toughness of these inserts minimizes breakage, and Hawthorne’s skilled wel 
techniques prevent loosening of inserts while drilling. A unique dre 
procedure produces a superior cutting edge on the blade, which, wit) 
improved watercourse, assures faster penetration and cleaner hole. 
Like all Hawthorne Bits, these Type “AC” and “DB” Insert Bi 
designed to be worn out, discarded, and easily replaced, providing the 4 
with factory controlled, “on-the-drill” bit service economically. Howevet 
bits will continue to drill efficiently until the inserts are completely worn } 
permitting maximum use of the high quality originally built into 
set of blades. 
HAWTHORNE Type “AC” Insert Rock Bits are available in popular 
sizes from 44" through 6%” 


HAWTHORNE Type “DB” Insert Rock Bits are available in popular 
sizes from NX through 42” 


DULLED BLADES—When exceeding 100 pounds, may be returned to our Houston plant vid 
class freight, or will be picked up by an authorized Hawthorne dealer. 


WRITE FOR ILLUSTRATED CATALOG 


HERB WIHORNE | 


P.0. BOX 7366, HOUSTON 8, TEXAS 


U.S. PATENTS 2,615,684 2,666,622 OTHERS PENDING 


| 
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: insert blades. The rege 
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Vinyl Portable and To get more profiles-per-day, improve 
Truck Cables results and reduce costs, take advantage of 


* ‘ 
Colles Vector’s unmatched experience in the 
dre « manufacture of geophysical cables 
with Rubber Jacketed and accessories. Vector cables are designed 
pee Cables to save handling time — eliminate leakage 
Bit Multiple-Detector and cross-talk. Polarized geophone clips and 
oa Velocity Cables take-outs enable helpers to get hooked 
a up right — the first time. 
Write for Vector’s complete catalog with 
Polarized Geophone cable and accessory recommendations for 
Connectors every exploration method and area. 


Portable Reels 


e “Manufactured to Meet the Demands 
Sewell Cable Handlers 


of Seismic Exploration” 


MANUFACTURING COMPANY 


5616 LAWNDALE * HOUSTON 23, TEXAS 
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That’s what happens EVERY HOUR an Off-Shore 
Seismic Crew is halted by cable trouble! 


Present-day, high-speed marine operations make 
tremendous. demands on geophone cable. Tow- 
ing-strain, debris, and moisture all attack this 
vital link between the geophones and the record- 
ing instruments. Compromise cables adapted 
from other uses simply cannot give dependable 
service under these conditions. 

Vector Marine Cables are the result of a 
design program extending over 10 years...a 
program aimed at meeting the specialized re- 
quirements of off-shore exploration. In hundreds 
of months of marine use Vector Cables have 


proven themselves the most economical answer 
to off-shore exploration problems. 

Write for the Vector Geophysical Catalog with 
complete details of Vector Marine Cables and 
accessories. Learn how Vector “sectionalized” 
cable enables water-crews to resume production 
minutes after a cable accident... how Vector 
Towing Devices, Cable Termination Assemblies, 
Protector Boots and other marine cable acces- 
sories help maintain shooting schedules and 
reduce operating costs. 


MANUFACTURING COMPANY 


5616 LAWNDALE 


HOUSTON, TEXAS 


“MANUFACTURED TO MEET THE DEMANDS OF SEISMIC EXPLORATION” 
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New, Comp lelely Integrated 
Hand-BPortatle 


MAGNETIC 


MIRRAGRAPH 
SYSTEM 


* ACCOMMODATES UP TO 25 DATA CHANNELS 
PLUS 1 TIMING CHANNEL 


* OPTIONAL PLAY-BACK FACILITIES 


Will be presented by Techno Instrument Company at the 
March, 1955, convention. Plan to see this newly packaged 
system in operation. 

If you do not attend the convention, or want details on the 
new Portable Magnetic Mirragraph immediately, call or write 
for information. 


Company 


6666 Lexington Avenue, Los Angeles 38, California 


see if in NEW YORK 


Statler Hotel 
MARCH 28 - 31 


Booths 49, 50 (Adjacent to Georgian Room) 


Please mention GropHysics when answering advertisers 


: 
= 

al 
‘ 
SAG 
F 
1 

1 

\ 

- 
ae 


3 
° 
> 
oO 
‘3 
wm 
a 
~ 
° 
o 
1S) 


68 


her 


No matter how tough the weat 


Please mention GrorHysics when answering advertisers 


get 


GEOPHYSICS the Journal of the Society of Exploration Geophysicists 69 


...no matter how rough the job— 


perfect record 


SEISMO-WRIT 


Southwestern desert or muggy bayou—you’ll bring 
back perfectly recorded data from any kind of country 
on Du Pont Seismo-Writ W. This seismic recording 
paper stands up to the worst conditions of heat 
and humidity. 


Processing at extreme temperatures won’t damage 
Seismo-Writ W. Using the Du Pont chemicals specially 
designed for this paper, you can develop at tempera- 
tures higher than 100°F., or as low as 50°F.—and still 
get clear, stain-free results! 


Seismo-Writ W is 60% thinner than conventional 
recording papers, yet its 100% rag stock makes it as 
tough as they come. Thinness means longer running 
time without roll changes, and fewer rolls to carry to 
shooting areas. 


Send for a free test roll of Seismo-Writ W. Mail the 
coupon below to get 50 feet or more to test on your 
toughest job. Once you’ve tried Seismo-Writ W, you'll 
stick with it! E. I. du Pont de Nemours & Co. (Inc.), 
Photo Products Dept., Wilmington 98, Del. In Canada: 
Du Pont Company of Canada Limited, Montreal. 


q E. I. du Pont de Nemours & Co. (Inc.) j 
DU PONT Photo Products Department 
; Room 2498 Nemours Building, Wilmington 98, Delaware H 


(0 Please send me a free sample roll of Seismo-Writ W. | 


SEISMIC PRODUCTS} — 


(0 Please have your technical representative call. 


Name 
Firm. 


REG. U.S. PAT.OFF. Street. 
BETTER THINGS FOR BETTER LIVING 
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Honeywell 
INSTRUMENTS 


Recording 
Oscillograph 
Series 700C 


for multi-channel 

recording of 

either direct, SA Model 708C 
telemetered 

or from magnetic storage devices. 


The versatility of this instrument permits a broad range of applica- 
tions in the geophysical industry as well as in industrial, aircraft and 
guided missile research. 


The Model 700 Oscillograph, which is designed for relay rack or 
table mounting, can be supplied with record widths up to 12 inches 
and with as many as sixty recording channels. 


Galvanometers are available having frequency response ranges as 
high as 3000 cps. 


Askania Magnetometers 


We are the exclusive distributors in the United States 
for the Askania Magnetometer which is internationally 
recognized as the finest available for magnetic prospect- 
ing. This universal instrument will accept both vertical 
and horizontal magnet systems. Standard accessories 
include: Photo electric recording attachment for record- 
ing temporal variations— Helmholtz calibration coil for 
the determination of constants. 


For complete details write... 


A DIVISION OF MINNEAPOLIS- 
HONEYWELL 


130 E. Sth Ave., Denver 3, Colo. 
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THE SHADOW 
HE CASTS 
IS IMPORTANT 


Every Reliable crew works under the direct guidance of one 
of our experienced supervisors. By close supervision you are as- 
sured of accurate interpretation of your data—a survey that is 
dependable. Experience on land and in the inland bays of the 
Gulf Coast area gives our crews the background to handle your 
job most efficiently. 

Years of field service and laboratory tests have made 
Reliable’s 32-trace seismograms, 16 traces simple and 16 traces 
mixed, the clearest obtainable. 

Write for availability of crews. Be sure your next survey 
is Reliable. 


P.O. Box 450 Yoakum, Texas 
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meTrEX-TUBE 


| SHOT HOLE CASING 
with the 


Strong, light-weight Tex-Tube with the exclusive Speed 
Coupler will solve your shot hole casing problems. Each 
length of Tex-Tube weighs only 20 pounds, making it easy 
to handle and speeding up operations. With the Speed 
Coupler make-up is fast and no collars are required. 
Make-up completely engages the three threads in only 
two turns making a water tight connection strong enough 
to allow high pressure jetting. Field tests under every 
type of condition have proved Tex-Tube to be the best 
shot hole casing. Write for bulletin today. 


P. O. Box 7705 CH arter 6411 
HOUSTON, TEXAS 


CORPUS CHRISTI 
Phone 2-814] 


OKLAHOMA CITY 
Deupree Dist. Co. 
Phone JAckson 8-6740 


OKLAHOMA CITY 
Grove Hardware Co. 
Phone JAckson 8-4886 


BATON ROUGE 
Phone 5-1430 


DIXIE DYNAMITE 
DISTRIBUTORS, INC. 
Alexandria, Houma, La. 
Hattiesburg, Miss. 
Brewton, Ala. 
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Hit the Nail 
the HEAD! 


ONE ina 
MILLION 


A potentially productive province may 
be there, but you need the assistance 
of scientific investigation to locate it. 
Specify an E. V. McCollum & Co. GRAV- 
ITY SURVEY first. Our accurate, depend- 
able geophysical service will provide 
valuable information to you promptly. 


\ 

E. V. McCollum Craig Ferris am. aw 
515 Thompson Bldg. Phone 2-3149 EV McCOLLUM & CO. 
Tulsa, Oklahoma 
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First ore from Cerro Bolivar arrives 
at U.S. Steel’s Fairless Works 


Unloading the first ore 
from Cerro Bolivar from 
the S. S. Tosca at 

U. S. Steel’s Fairless 
Works, Fairless Hills, 
Pennsylvania. 


THE VOYAGE really 
began in April, 
1947, when one of Fairchild’s 
A-26 photographic air- 
craft, flying for the Orinoco Mining 
Company, four miles above . 
the V 1 Jai d th From Cerro Bolivar 90 miles to Puerto 
e Venezuelan plains, expose € — Ordaz, at the junction of the Orinoco 
film on which appeared the and Caroni Rivers, this first ore ship- 
ment moved over tracks—under which 
image of Cerro Bolivar—truly aerial jies g Fairchild topographic map. 
photography’s finest hour. From Puerto Ordaz 177 miles down 
the lazy Orinoco, through the Cano 
Macareo, to the Gulf of Paria, the 
route of the S. S. Tosca lay through a 
dredged channel—the charts of the 
river, the dredging, and the naviga- 
tional aids based on a Fairchild con- 
trolled Photomosaic map. 

So the vital basic decisions have 
been proved sound—the long voyage 
is over, and the first steel has been 
poured. 

When you make the vital decisions 
which may affect your company’s 
future for generations, let Fairchild 
provide you with the facts! 


It pays to explore with Los Angeles, Calif.: 224 East Eleventh Street 
Al Long Island City, N. Y.: 21-21 Forty-First Ave. 
New York City, N. Y.: 30 Rockefeller Plaza 
Boston, Mass.: New England Survey Service, Inc., 51 Cornhill 
AERIAL SURVEYS, INC. Seattle, Wash.: Carl M. Berry, P. 0. Box 38, Boeing Field 
Aerial photographic, topographic, and airborne BOGOTA—CARACAS—LIMA—RIO DE JANEIRO 


magnetometer surveys during 1954...1n 15 
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COMPLETE GEOPHYSICAL 
SERVICE 


@ SEISMIC SURVEYS 
GRAVITY SURVEYS 

@ MAGNETIC SURVEYS 

e REVIEW ANALYSIS 


Experienced States Exploration contract crews 
offer complete, integrated geophysical service 
. +. company owned and operated plane facili- 
tates closest supervision over crew activities in 


the field. 


States Exploration facilities include the most 
advanced equipment, specifically designed for 
dependable service under any operating condi- 
tions .. . properly used with skill and knowledge 
for the greatest assurance of positive results. 


Direct scientific supervision over field activity 
and analysis on every project assures you of a 
job well done. Phone, write or wire today for 
complete details on States Exploration Service, 
without obligation. 


SEISMIC e GRAVITY e MAGNETIC SURVEYS 


Hubert L. Schiflett John W. Byers G. S$. Lambert 
214 M & P Building e 709 M & M Building 334 Kennedy Building 
Phone 2544 Phone Blackstone 0213 Phone 3-8844 
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Here is a Sample Page... 
prom the New 


CUMULATIVE INDEX (1931-1953) 


of the Society of Exploration Geophysicists 


= : Edited by Kenneth L. Cook, Head, Department of Geophysics, 
: 3 School of Mining and Mineral Industries, University of Utah. 634 
= by 914. Cloth. $4.00 ($3.00 to SEG members). 


a This is a completely new and greatly improved comprehensive index 
to all publications of the Society: special papers published in 1930, 
Transactions Volumes I through IV (1931-1934), Journal of the Society 
of Petroleum Geophysicists (1935), Geophysics (quarterly) (1936-1953), 
and Geophysical Case Histories Volume I (1948). Papers appearing in 
these publications are indexed by subject and author. In addition all 


patents abstracted in Geophysics are indexed by subject, inventor and 
patent number. 


This publication is now in press and will be issued soon. A limited 
number will be printed. To be sure of receiving your copy, order now 


from 


SOCIETY OF EXPLORATION GEOPHYSICISTS 
624 S. Cheyenne Tulsa, Oklahoma 
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Take Notice! 


This name plate appearing on equipment 
ALL OVER THE WORLD signifies the world 


wide acceptance of TIC products. 


Whether your requirements be a portable 


cable reel or a complete set of seismograph 


equipment and trucks — TIC welcomes your 


inquiries. 
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OSCILLOGRAPHS 


Recording Oscillographs 
available with or without 
vanometer level controls on 
front panel. When the 
ter-tight stainless steel lid 
in place, all controls, 
ithes and plugs are pro- 
ted. Most operators prefer 
many features of this Os- 
lograph over other cameras. 


LAND TYPE 
SEISMOMETERS 


Land Type Seismometers, 
241-L, feature a newly de- 
signed plastic cover for maxi- 
mum protection against shock 
and abrasion. Near-the-bottom 


GALVANOMETERS 


High quality—low cost multi- 
ple element galvanometers are 
standard at 140 cps frequency, 
a 15 ohm (140 cycle suspen- 
sion gives 7’’ deflection per 


milliampere at 12”), the 
lead outlets reduce wind noise. spherical mirrors are 10" 


Available from 15 to 40 


cycles, accurate to within 1 f 040” wide x 115” long 


cps. All leads tested to 190 mee Be 
Ibs. breaking strength. Other focal lengths available. 


FLOATING SEISMOMETER 


i For superior operation in shal- 

ow ys where heavier in- 

drag cables be 

used we recommend the Float- 

90 VOLT BLASTER ing ren 

is 90 volt blaster will fire special stabilizing and lifting 

new of 6 caps. In addi- design. The special TIC damp- 

tion to regular blaster features ing feature which eliminates 

it has built-in communication high frequency chatter is one 

of the main reasons why 

most operators prefer this 
seismometer. 


DEVELOPING BOX 


Often preferred in place of 
standard truck equpiment, this 
dual purpose Developing Box 
: may be mounted in the truck 
DEEP cab or used with the hood as 

a light, convenient portable 
WELL 


“darkroom” 
SEISMOMETER 


This TIC mounted Recording 
Cab has installed T. 1. C. 
Dual-Purpose Recording Instru- 
ments, which may be removed 
and carried by hand. Each 


ecording, water and 
9 trucks are custom- 
© your requirements. 


of the amplifiers is an indi- 
vidual plug in unit, and con- 
tains the most modern parts, 
circvit and engineering prin- 
ciples of the day. The record- 
ing oscillograph permits day- 
light loading, 200 ft. paper 
capacity, 13 to 25 sealed 
galvanometers, governor con- 
trolled electric drive, precision 
tuning, timing system with 
timing check signal on trace 
25, and automatic record 
length control — total weight, 
30 Ibs. 


MARSH SEISMOMETER 


Used in multiple strings, the 
TIC Marsh Seismometer, 241- 
54, simplifies field checking. 
Here expensive external strain 
members may be eliminated 
since conductors and anchor 
are rated at 300 Ibs. tensile 
strength. Fitted with a solid 
brass or aluminum. housing 
case. A waterproof plug-in 
connection with an “idiot 
proof’ method of polarization. 
These seismometers are getting 
records in some areas previ- 


ously considered NR (no rec- - 


ord). 1¥2” x 6” — wt. 
oz. — any reasonable length 
leads provided. 


HOUSTON, TEXAS 


P| ALL OVER THE WORLD 


Fitted with one vertical and 
two horizontal seismometers 
at 90° this Deep Well Seis- 
mometer, 241-W, has been 
used beyond 15,000 feet in 
making horizontal structure 
studies and standard velocity 
surveys. Conventional vertical 
type velocity phones are 
available. This and all TIC 
seismometers are warran 
against defective materials 
and workmanship for six 
months on a free replacement 
or repair basis. 


PORTABLE REELS 


CABLE FAULT 
DETECTOR 


The ‘‘troubleshooter’’ — TIC 
Cable Fault Detector—success- 
fully locates faults in both 
portable and power reel 
cables. Light, compact with 
transmitter and receiver store 
as one unit, the 80 hour life 


battery is protected with mo- 


mentary switches. Size 7’ 


TIC portable reels are built 
for long life and hard usage. 
Operated on sealed ball bear- 
ings with tight canvas straps 
to protect users from metal, 
they are available in 9’ and 
13° flange diameters. 
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DISTRICT OFFICES 
to serve YOU 


BILLINGS 


Rm 101, 7 N. 33rd St., Ph. 9-9555 


DALLAS 


431 Fidelity Union Life Bldg., 
Ph. STerling 1307 


6001 East 9th Ave., Ph. Florida 5-8893 


MIDLAND 


Rm 134 Central Bldg., Ph. 2-1261 


OKLAHOMA CITY 


901 N.W. 23rd St., Ph. JAckson 4-2113 


SHREVEPORT 
607 Shelby Bldg., Ph. 5.7729 


TULSA 
703 Kennedy Bldg. Ph. 2-8181 


. SEISMIC SURVEYS — GRAVITY SURVEYS — PILOT CREWS — LORAC — VELOCITY LOGGING 


ervice Corporation 


WORLD-WIDE EXPERIENCE 
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“tN \N \ «those =interested in Seismic or Gravity 
AS WEES Each office is staffed with personnel 
experienced in all phases of geophysical 
ing, and supervised by a District 
Manager especia y familiar with oil pros- 
Sw For full information concerning con- 
tract rates and crew availabilities contact 
the SSC District Office nearest you. 
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another Eastern Hemisphere office 
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Lid. 


LONDON, ENGLAND 


DIF service is 2 keynote of GSI operating policy. GSI, Led. is. established to 
furnish close technical assistance in your Eastern Hemisphere geophysical program 
— from preliminary planning to actual field operations. Behind GSI, Ltd., are the 
same technical knowledge, the same opérating and research resources, that have made 
GSI symbolic of seismic exploration throughout the world for almost 25 years. 


6S] Ltd. 


33-34 “Broadstreet Avenue” 


LONDON E. C. 2, ENGLAND 
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